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EXECUTIVE SUMMARY 

This document is the Final Report on the project titled “A Study of Toxic Emissions 
from a Coal-Fired Power Plant Utilizing the SNOX Innovative Clean Coal Technology 
Demonstration”. This study was conducted for the U.S. Department of Energy, Pittsburgh 
Energy Technology Center (DOE-PETC), under Contract DE-AC22-93PC9325 1. The 
present study was one of a group of assessments of toxic emissions from coal-fired power 
plants, conducted for DOE during 1993. The motivation for those assessments was the 
mandate in the 1990 Clean Air Act Amendments that a study be made of emissions of 
hazardous air pollutants (HAPS) from electric utilities. The results of this study will be used 
by the U.S. Environmental Protection Agency to evaluate whether or not regulation of 
emissions of HAPS from electric utilities is warranted. 

The report is organized in two volumes. Volume 1: Sampling describes the sampling 
effort conducted as the basis for this study; Results presents the concentration data on HAPS 
in the several power plant streams, and reports the results of evaluations and calculations 
conducted with those data; and Special Topics report on issues such as comparison of 
sampling methods and vaporkolid distributions of HAPS. Volume 2: Appendices include 
quality assurance/quality control results, uncertainty analysis for emission factors, and data 
sheets. 

This study involved measurements of a variety of substances in solid, liquid, and 
gaseous samples from input, output, and process streams at the Innovative Clean Coal 
Technology Demonstration (ICCT) of the Wet Sulfuric Acid-Selective Catalytic Reduction 
(SNOX) process. The SNOX demonstration is being conducted at Ohio Edison’s Niles 
Boiier No. 2 which uses cyclone burners to bum bituminous coal. A 35 megawatt slipstream 
of flue gas from the boiler is used to demonstrate SNOX. Measurements were made at the 
SNOX process on July 18-24, 1993. Cosponsors of the SNOX demonstration are the U.S. 
Department of Energy; ABB Combustion Engineering; Snamprogetti, USA; Ohio Edison; 
and the Ohio Coal Development Office. 

The substances measured at the SNOX process were the following: 

1. Five major and 16 trace elements, including mercury, 
chromium, cadmium, lead, selenium, arsenic, beryllium, and 
nickel 

2. 

3. 

4. 

5. 

Acids and corresponding anions @ICI, HF, chloride, fluoride, 
phosphate, sulfate) 

Ammonia and cyanide 

Elemental carbon 

Radionuclides 
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6. 

7. 

Volatile organic compounds (VOC) 

Semi-volatile compounds (SVOC) including polynuclear aromatic 
hydrocarbons (PAH) 

8. Aldehydes. 

Some or all of these constituents were measured in solid, liquid, and gaseous input 
and output streams of the SNOX process, and in flue gas at key points within the SNOX 
process. In addition, particle size distributions were determined for flue gas particulate 
matter and for collected solid samples such as ash collected by the SNOX baghouse. 

The measurement data from this study were used to address several objectives: 

1. 

2. 

To assess the emission levels of selected HAPS 

To determine for selected HAPS (a) the removal efficiencies of 
the SNOX process units, (b) material balances in individual 
components of the SNOX process, and (c) material balances for 
the SNOX process as a whole 

3. To determine the particle size distribution of selected HAPS in 
the flue gas Particulate matter 

4. To determine the vapor/solid phase distribution of selected 
HAPS in flue gas streams. 

These objectives were addressed by comparisons and calculations using the HAPS 
concentration data obtained during the field measurements, along with plant characteristics 
and operating conditions provided by Ohio Edison and ABB. The main results of this study 
in each of these areas are summarixed below. 

on Factors 

The emission levels of the measured HAPS were calculated based on the 
concentrations measured in the flue gas leaving the SNOX process. Not unexpectedly, 
emission rates differed widely among the various types of HAPS. The emission rates are 
summarixed in Tables ES-1 through ES-7. The average emission factor for each substance is 
shown along with an estimated uncertainty. For those substances whose concentrations were 
less than their detection limits for one or two of the three measurements, emission factors 
were calculated using a value of one-half the detection limit. When all three measurements 
of a substance were less than the detection limit, the average emission factor was determined 
using the full limits of detection. The data on emission factors present a comprehensive 
measurement of emissions from the SNOX process. 

V 



The average value of the emission factors for several of the trace elements was in the 
range 0.5 to 3 lb/lo’* Btu. The estimated uncertainty range varies from about 20 to 300 
percent of the average values and is comprised principally of uncertainty due to error in 
precision. The average reported emission factor for mercury is 22 f 13 lb/lo’* Btu. 

Reported average emission factors for the major elements ahrminum, potassium, and 
sodium exhibit considerable scatter and therefore estimated uncertainty. 

Average emission factors for solid phase anions range from 2 lb/IO’* Btu for 
phosphate to 57,000 lb/lO’* Btu for sulfate. The sulfate emission may reflect sulfuric acid 
mist leaving the condenser in the SNOX system. Chloride and fluoride are reported as 25 
and 157 lb/lO** Btu, respectively. The emission factors for solid phase anions in flue gas 
were determined from single point sampling in the duct, not traversing. 

Gas phase substances ammonia, cyanide, hydrogen chloride, and hydrogen fluoride 
have reported average emission factors of 56, 157, 82,400, and 6,630 lb/lO’* Btu. The 
contribution of bias to the estimated total uncertainty for these emission factors is 4, 20, 22, 
and 35 percent, respectively. 

The reported average emission factors for radionuclide activity generally reflect non- 
detected values. The upper limit of these emission factors range from a low of 8.3 mCi/lOrz 
Btu for Pba’* to 2.130 mCi/lO’* Btu for VW. 

For most volatile organic compounds, the reported average emission factors range 
from about 3.4 to 9.6 lb/lo’* Btu with most values reported as 5.8 Ib/lO’* Btu based upon 
non-detected compounds. Emission factors for the four aldehydes range from 8.3 to 388 
lb/lo’* Btu. Emission factors for the semivolatile organic compounds range from about 
0.0005 to 0.3 lb/lO’* Btu. 

Removal efticiencies and material balances were calculated for the major and trace 
elements. The removal efficiencies were determined to provide data on the efficacy of flue 
gas cleanup systems for controlling emissions of HAPS. Material balances were calculated to 
assess the consistency of the concentration data that were measured in various process 
streams. 

Removal efficiencies for these elements were calculated for the SNOX baghouse and 
for the entire SNOX process. Removal efficiencies for most elements exceeded 99 percent in 
both cases. Results are shown in Table ES-8. 

Material balances calculated across the baghouse and the entire SNOX process were 
within f 50 percent of balance for most elements. The material balance on mercury was 
106 percent for the SNOX baghouse and 118 percent for the entire SNOX system. 
However, some elements exhibited very low or very high material balances. Results are 
shown in Table ES-9. 
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Particle samples were collected at one location in the SNOX process to document the 
dependence of elemental concentration upon particle sire. The collection of size-segregated 
particle samples at the inlet to the SNOX baghouse suffered from the necessity of using an 
extractive approach to sampling. The cyclone collectors could not be inserted directly into 
the flue gas; a sampling probe and sampling line delivered sampled flue gas to the particle 
collectors. Unfortunately, over one-half of the fly ash by mass deposited onto the walls of 
the probe and sampling line before the sample reached the particle collectors. The data on 
size dependence of elemental composition are therefore of limited value. The results are 
qualitatively consistent with the expectation that the more volatile elements would be 
concentrated in the smaller size fly ash particles. The elements selenium, arsenic and 
antimony exhibit this trend and are in sharp contrast to aluminum, which was concentrated in 
the larger particle sii fractions. The elements chromium, molybdenum, and sodium exhibit 
a more moderate trend of increased concentration in the smallest particle size fraction. 
Copper shows this trend to a lesser extent. The elements beryllium, cobalt, lead, 
manganese, nickel, potassium, and titanium are evenly distributed in the collected fly ash 
across the different size fractions. 

VaoorlSolid phase Distribution of HAfi 

The vapor/solid phase distributions of elements and PAH/SVOC were determined. 
That evaluation shows that most of the elements measured exist entirely in the particle phase 
under all flue gas conditions encountered at SNOX. However, some elements, such as 
selenium, antimony, arsenic, lead, sodium, potassium, manganese, and boron, were found to 
be distributed between the vapor and particle phase, in proportions that depend on the flue 
gas particulate loading and temperature. At the outlet of the SNOX process, nearly all 
elements were found exclusively in the particle phase. Mercury alone was found almost 
entirely in the vapor phase at all flue gas locations where it was measured. The low 
concentrations of elements in the flue gas after the SNOX baghouse contributed to variability 
in the results for both the vapor and solid element concentration data. 

Most PAH and SVOC compounds were found almost exclusively in the vapor phase, 
consistent with their volatility and the flue gas temperatures. Benzo[aJpyrene and other 
PAHs having five or more aromatic rings in their molecular structure were found only in the 
particle phase. A few PAH and SVOC of intermediate characteristics were distributed 
between the vapor and particle phases, in proportions that differed in a realistic manner with 
flue gas temperature. Those that were detected were present predominantly in the vapor 
phase, consistent with their volatility. Thus the element and PAHBVOC data appear to 
provide a coherent and credible picture of the phase distributions of these species in the flue 
w. 

A Hazardous Element Sampling Tram @EST) was used to collect samples for 
analysis of mercury, selenium and arsenic at each location that a Method 29 sampling train 
was used to cdlect samples for elements. The vapor phase mercury concentrations reported 
from the Method 29 samples are more representative of the m conditions in the SNOX 
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process than are the vapor phase results reported from the HEST sampling. The HEST 
results are low because of reduced trapping efficiency of the primary carbon-impregnated 
filter believed to be caused by condensation of sultinic acid and/or lack of temperature 
control within a temperature range. Work to define further the dynamic range of operation 
conditions for HEST sampling of mercury needs to be conducted. The TEST results for 
vapor phase selenium and arsenic were much higher than the Method 29 results. The 
differences in results may be due to the effect of temperature on partitioning of these two 
elements between the vapor and solid phases. 

A comparison of two methods for measuring VOC was made. Volatile organic 
compounds were collected in Volatile Organic Sampling Trains (VOST) as the primary 
method and also in canisters as the alternate method. Three samples were collected on each 
day at each flue gas location. The VOC data, whether collected by VOST or canisters, in 
general show a variation on concentration from collection to collection of a factor of two or 
less. Data from the VOST and canister collection methods generally agree within a factor of 
four. However, there does not seem to be a consistent trend between data obtained from the 
two methods. Recommendations for further investigation of these two methods to collect and 
measure VOC concentrations in flue gas are provided in the following section on 
Recommendations. 

. . . 
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TABLE ES-l. EMISSION FACTORS FOR ELEMENTS (lb/lOW BTU) 

Analvte Emission Factor Uncertainh, 

Aluminum 240 a NC 
Potassium 17 ## 251 
Sodium 390 P NC 
Titanium 1.3 ## 3.2 

Antimony 
Alaenic 
Barium 
Beryllium 
BC!loo 
Cadmium 
Cbmmium 
cobalt 

GPP= 
Lead 
Manganese 
MetFUIy 
MOIybdeDUUl 
Nickel 

Vanadium 

ND< 0.50 # 0.50 
ND< 0.50 # 0.50 

0.17 ## 0.59 
0.17 ## 0.27 
NA NA 

0.092 ## 0.16 
3.9 P NC 

ND< 0.22 a NC 
0.89 0.70 
0.53 ## 1.2 
2.6 3.1 
22 13 

5.4 3.6 
2.2 a NC 

0.67 0.80 
ND< 0.11 # 0.11 

Uncertairdy = 95 % confidezux limit. 
NA = Not tiyzed. 
ND < = Adyte not detected. 
NC = Not calculated. 
# = Avemge emission factor includes three non-detects out of three masoraeots. 
## = Average emission factor ioclodes one or two non-detects out of three measuremoots. 
a = Emission factor bawd oo hvo sets of measunmots due to outliers. 
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TABLE ES-Z. EMISSION FACTORS FOR AMMONIA/CYANIDE (lb/lo-12 BTU) 

AdVte Emission Factor Uncertainty 

Ammonin 56 P NC 

Cyanide 157 82 

Uncertainty = 95% confidence limit. 
NC = Not calculated. 
a = Emission factor based on two MS of measurements due to outliers. 

TABLE ES-3. EMISSION FACTORS FOR ANIONS (lb/lOW BTU) 

Amlyte. 

Hydrogen chloride 
Hydrogen Fluoride 

Emission Factor UlKX.lthW 

82400 41800 
6630 2110 

chIolid.¶ (F-articulate) l * 25 a# 82 
Fluoride (particulate) l * . 157 621 
Phosphate (Pticulate) +* 2.0 M 3.5 
Suifate (Particulnte) *+ 56600 61700 

Uncertaioty = 95% confidence lit. 
- = Sampling for pllions was conducted at * single point in the duct; tmversw mre not made. 
## = Average emission Hector includes one or two non-daects out of three naswe-tli. 
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TABLE ES-4. EMlSSlON FACTORS FOR VOC Ob/lOW BTU) 

Anal* Emission Factor UflCCrtaiflty_ 

Chlommdhanc 
Bmmomdhane 
Vinyl Chloride 
ChIOrOechanc 
Mcthylenc Chloride 
AcctolX 
Carbon Disulfrdc 
1 ,I-Dichlomelhenc 
1 ,I-Dichlomcthane 
tranr-1.2-Dichlomclhcnc 
ChkJrofoml 
1.2-Dichlorocthanc 
2-Butanonc 
1 .l ,I-Trichlomahane 
Carbon Tetmchloride 
Vinyl Acetate 
Bmmodichlommetbanc 
1,2-Dichlompmpane 
k-1.3-Dichlompropylenc 
TIifblOlWllUiX 
Dibmmochlommethanc 
1,1.2-Trichlometbane 
Bamle 
tram-1,3-Dichloropmpylcnc 
2-Cblomeahylvinylcthcr 
Bmmoform 
CMethyl-2-Pentanone 
2-Hcunone 
Tctrachlomclhme 
1,1.2,2-Tctnchlom&ane 
Toluene 
ChIOrobcnzcm 
Bth@UV.CllC 
styrem 
Xylem (Total) 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

218 412 
9.6 XY 9.3 
5.8 X 5.8 
3.4 Y# 1.8 
NC NC 
NC NC 
5.4 n 5.0 
5.8 I 5.8 
5.8 Y 5.8 
5.8 I 5.8 
5.8 # 5.8 
5.8 x 5.8 
8.3 # 8.3 
5.8 H 5.8 
5.8 # 5.8 
5.8 Y 5.8 
5.8 H 5.8 
5.8 H 5.8 
5.8 X 5.8 
5.8 x 5.8 
5.8 H 5.8 
4.9 #I 10 
5.6 4.5 
5.8 H 5.8 
5.8 X 5.8 
5.8 H 5.8 
5.8 I 5.8 
19 NH 51 

5.8 I 5.8 
5.8 X 5.8 
3.9 WH 5.3 
5.8 X 5.8 
5.8 X 5.8 
5.8 X 5.8 
5.8 I 5.8 

uncutainty = 95% cnnlidcnos hit. 
ND < = Analyic not detected. 
NC = Not calculated. 
I = Avenge emission factor includea three nondekcts out of three me?sumnents. 
XX = Avenge emhrion factor includa one or two non-dasU out of tbme mcuurcment 
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TABLE ES-S. EMISSION FACTORS FOR PAH/SVOC Oh/lO’lZ BTU) 

Anahte Emission Factor Unccrtaintv 

Benzybhloride 
ACCt‘3phC”OnC 
Heuchloroetbanc 
Naphthalens 
Hcxachlorobutadiene 
Z-Chlomacetophenonc 
2-M&ylnaphthalc”c 
I-Mdhylnaphthalenc 
Hcuchlomcyclopentadienc 
Biphmyl 
Acuuphtbylene 
2,M%-&mtoluene 
Aceaaphthcnc 
DibemafuM 
2,CDiitmtoluc”c 
Fluorene 
H~hlOlUk”ZC”C 
Pataohlomphenol 

Anthncalc 
FluoMthe”c 

pY=- 
BaK+“thncc”c 
ChrySC”C 
Bum@ & k)tluomnthcne 
Be”=wPY=“e 
B=&PY=“e 
I”deno(l,2.3~,d)pyrcnc 
Dibaz@,h)anthnocne 
Benzn(g,h.i)peryle”e 

0.025 NY 0.097 
0.30 0.44 

ND< o.wss w o.wss 
0.060 0.060 

ND< o.w.75 x o.wss 
ND< o.wss x o.wss 

0.020 0.044 
0.011 0.023 

ND< 0.0055 x 0.005s 
o.ww YY 0.018 
o.W42 0.0077 

ND< 0.0055 a 0.0055 
o.co53 0.0078 
0.013 0.0095 

0.0038 XX 0.00091 
o.oooa YX 0.00079 

ND< 0.0055 w o.wss 
0.0032 ## 0.0031 

0.024 0.028 
0.0036 o.wso 
OXO69 O.CO68 
O.Wl2 #X 0.0027 
0.0021 OX0058 
O.Owzl xx 0.0030 
0.0039 0.0021 
O.Wll xx 0.0015 

o.OW94 RX o.OOQ71 
O.WlO #I O.WlO 

o.Ow71 N O.OW36 
o.WO93 HI 0.00068 

uncctii”ty = 95% wntidalcc hit. 
ND< = Analyten”td&cted. 
# = Avenge &ion hum bwhdes three non-de&eta out of thme measummwts. 
XX = ~vcnge emission factor includes one or twa non-d&c& out of three mcasurerna~~, 
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TABLE EM. EMISSION FACTORS FOR ALDEFWDES (lb/lO*U BTU) 

Analyte Emission Factor Uncertainty 

Formaldehyde 51 24 
Acetaldehyde 388 127 
ACd& 8.3 3.4 
Propionaldehyde 13 21 

Uncertainty = 95% confidence limit. 

TABLE ES7. EMISSION FACTORS FOR RADIONUCLIDES (IbllO-I.2 BTU) 

Amlyte Emission Factor UlFXbiItlY 

Pb-212 
‘Ih-234 
Pb-210 
Pb-211 
Ra-226 
Ra-228 
Th-229 
Th-230 
u-234 
u-235 

NO< 

ND< 

ND< 

r-Jo< 

ND< 

ND< 

ND< 

No< 

ND< 

8.3 # 8.3 
47 ## 43 
94 # 94 

119 # 119 
12 # 12 
27 # 27 
50 R 50 

540 Y 540 
2130 # 2130 

75 x 75 

Uncertain~ = 95% confidence limit. 
ND< = Analyte not &tected. 
# = Avmge emission factor include8 three non-dststr out of time measurements. 
## = Average emission tkctor includes one or two non-detects out of three measu~mmts. 

. . . 
xlu 



TABLE ES-8. REMOVAL EFFICIENCIES FOR THE SNOX 
BAGHOUSE AND ENTIRE! SNOX SYSTEM 

Removal Efficiency (Percent) 

Element BagbUS SNOX System 

Ahminum 99.54 99.77# 

Potassium 99.02 99.73 

Sodium 80’ 89.15X 

Titanium 99.97 99.99# 

htilUOOy 99.74u 99.61# 

Alseuic 99.61 99.99# 

Barium 99.87 99.98X 

Beryllium 99.931 99.69# 

Bonm NA NA 

cadmium 99.04# 97.9on 

chromium 99.32’ 99.09 

c&d 99.% 99.93# 

99.81 99.86 

Lad 99.951 99.91a 

Mmgmeae 99.45 99.34 

M-w Q (13) 

MdyMmUm 99.04 %.92 

Nickel 99.9SY 99.56’ 

sdtillm 17 99.12 

vanadium 1W 99.99# 

I Atleuaonsnon~v~~~usedinulc~gtherrsult. 

l A vale dstih~ted for an outlier was used in c&dating the daily removal efficiencies. 
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TABLE Es-9. MATERIAL BALANCES FOR THE SNOX 
BAGHOUSE AND ENTlRE SNOX SYSTEM 

Mated Balance (Percent) 

Element BQ?hOU.W SNOX system 

Aluminum 142 142# 

Potassium 129 129X 

Sodium 303 283# 

Titanium 110 110 

Antimony llO# lllly 

Arsaic 80 80# 

Barium 146 14w 

Beryllium llO# lll# 

Bomn NA NA 

cadmium 52 6W 

chromium 101’ 102’ 

cahslt 96 97% 

=Tv 112 112 

Lead 1431 143x 

Manganese 102 102 

M=w 106 118 

MOl)+dUlUm 103 108 

Nickel 1OlY 101’ 

selmillm 100 281 

VRMdiUm 106# 106# 

# At least 000 non-detect value was used in calculating the result. 

* A value mhstih~ted for m outlim ~1s used in calculatiug the daily nmovd efficieacies. 
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RECOMMENDATIONS 

The experience gained in studying emissions of hazardous air pollutants (HAPS) from 
the SNOX process led to the following recommendations for future studies at power plants 
utilizing an advanced flue gas cleanup system: 

1. Number of Sample Sets to Collect 

Battelle recommends that four sets of samples be collected for a study of HAPS. If 
measurements from one of the four samples cannot be used or yield results that 
cannot be explained, three samples remain to form the average and estimate of 
variability. 

i. Quality Assurance Samples 

Battelle recommends that a minimum of one field sampling train blanks be processed 
at each flue gas sampling site for each group of 3-4 sample sets that are collected. 

3. Hazardous Element Sampling Train 

The range of flue gas conditions under which the Hazardous Element Sampling Train 
@EST) can be used effectively needs further investigation. In particular the influence 
of acid and temperature on HEST sampling needs to be documented. 

Application of denuder techniques to remove vapor species from the flue gas prior to 
colkcting particles should be investigated to improve methods to determine 
partitioning of selected species between the vapor and solid phases. 

4. Collection of Volatile Organic Compounds 

a. Battelle recommends that an investigation be made of the variability in results 
of measurements by both the canister method of collecting and analyxing 
volatile organic compounds (WC) and the volatile organic sampling train 
(VOW) method. The use of internal standards spiked on the Tenax adsorbent 
or into the evacuated canister prior to sampling would aid in dekrmining if 
reactions are occurring with the VOCs following sample collection. Battelle 
recommends that a continuous (or near continuous) instrument for monitoring 
one or more of the VOCs be used to assess fluctuation of VOC concentrations 
in flue gas. For example, a gas chromatograph equipped with a photo- 
ionixation detector or mass selective detector could provide information on one 
or hvo VOC in less than 30 minutes from the end of sample collection. 
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b. Dichloromethane, used as a solvent for other sampling, was found in both the 
VOST and canister sampling trains. Battelle recommends that VOC sampling 
apparatus be kept away from dichloromethane if this compound is to be 
measured. The need for measuring dichloromethane must be balanced against 
the cost and extra effort to ensure that the VOC samples are not contaminated 
by the solvent dichloromethane in the field. 

5. Use of Out-of-Duct Cyclones 

If size-segregated fly ash is to be collected ahead of control equipment for particulate 
matter, and if available sampling ports or duct configuration at that location do not 
permit cyclones to be inserted into the duct, Battelle recommends that size-segregated 
sampling not be conducted. The deposition of particles in sampling lines leading to 
out-of-duct cyclones may make the material collected in the cyclones not 
representative of the particle size distribution in the duct. 

6. Sampling the Outlet of a Selective Catalytic Reduction (SCR) Reactor 

If sampling is to be conducted following a SCR reactor, the temperature of the flue 
gas may be between 200 and 300 “C, and ammonia slip and sulfur compounds are 
likely to be present in the flue gas. Under such conditions, sampling must be 
conducted at a temperature in excess of that at which the ammonia and sulfur 
compounds wiIl react to produce solid ammonium bisulfate and ammonium sulfate. 

7. Sampling the Outlet of a Wet Sulfuric Acid (WSA) Condenser Tower 

In sampling of the outlet of a WSA condenser tower, as at the SNOX, condensation 
of sulfuric acid mist may lead to erroneous measurements of flue gas particulate 
loading. Under such conditions, sampling should be conducted at a temperature in 
excess of that at which sulfuric acid mist can condense. 

8. Sampling at the N&s SNOX Selective Catalytic Reduction (SCR) Reactor 

Should future sampling be required at the Niles SNOX SCR reactor, the sampling 
parts should be modified prior to sampling. Temporary modifications were made in 
this study to allow adequate sampling across most of the duct at the SCR outlet. 
Permanent replacement of all of the narrow-bore ports on the SCR reactor is 
recommended. 

9. Minimixing Background Contamination in Method 29 Sampling 

Stringent procedures should be followed to avoid potential field and reagent 
contamination of Method 29 samples. Before the Method 29 train is assembled in the 
field, all glassware and associated surfaces expected to come into contact with flue 
gas should be rinsed multiple times with nitric acid and distilled water as described in 
Method 29. If HPLC grade distilled deionized water is not available at the test site, 
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adequate quantities should be brought from the laboratory. All target elements should 
be less than 1 ng/mL in the water. If the train components cannot be immediately 
assembled, then they should be covered with a clean and dry sheet of plastic (Saran 
Wrap or equivalent) or with an overturned cleaned plastic tub of ,adequate size until 
they are ready to be used. Clean closefitting gloves of a material compatible with 
acids should be used while assembling and disassembling the trains. 

Sampling reagents must be suitable for trace level element work. The sample filters 
should not have organic binders and should consist of high purity quartz containing 
less than 1.3 pg/in.* of each of the elements to be measured. Analytical results 
provided by the filter manufacturer stating elements contents of the filter is 
acceptable. Stock nitric acid, hydrochloric acid, acetone, and potassium 
permanganate should be suitable for trace element analysis. For acids, Baker Instra- 
Analyzed7M or Fisher OPTIMATM brands are recommended. The acidified peroxide 
and potassium permanganate impinger solutions should contain less than 2 ng/mL of 
the target element. Glassware used to prepare the reagents should also be cleaned in 
the same manner as the train components. Sample bottles to be used for containing 
the various solutions from the train should be opened just prior to filling and capped 
immediately thereafter. Commercial sample bottles for trace element work are 
available, or should be rinsed with acid and water in preparation for the field test. 

ANALYSIS OF SAMPLES 

1. Digestion of Samples for Elemental Analysis 

For better quantification of major and trace elements in a single sample, separate 
aliquots of the sample should be digested for analysis if possible. Separate digestions 
will allow dilutions typically necessary for accurate determination of major elements 
without affecting detection of trace elements. 

2. Boron Determinations 

The use of HF-resistant instrumentation for element analysis should be mandatory. 
This type of instrumentation will eliminate the need to complex HFdigested samples 
with boric acid which prevented the determination of boron in some of the analyses 
on this program. 

3. Phase Partitioning of PAHISVOC 

When sufficient data have been obtained by DOE on the vapor/particulate distribution 
of semivolatile organic compounds (PAIUSVOC) in coal-fired emissions, Battelle 
recommends that in subsequent work, vapor and solid phase samples of PAH/SVOC 
from flue gas should be prepared and analyxed as a single sample to improve 
detection limits. 

. . . 
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The Clean Air Act Amendments (CAAA) of 1990 direct that a study be made of 

emissions of hazardous air pollutants (HAPS) from electric utilities. Results of the study will 

be used by the United States Environmental Protection Agency (EPA) to evaluate whether or 

not regulation of emissions of HAPS from this industrial sector is warranted. If a tinding is 

made that regulation is warranted for specific HAPS, rulemaking activities will proceed. In 

addition, control strategies must be developed for those HAPS that are to be regulated. 

This report presents information from a project that is a part of the study identified 

above. This project was conducted for the U.S. Department of Energy’s Pittsburgh Energy 

Technology Center as one of a group of assessments of toxic emissions from coal-tired 

power plants. This project is a “Study of Toxic Emissions from a Coal-Fired Power Plant 

Utilixing the SNOX Innovative Clean Coal Technology Demonstration Project”. The host 

power plant for this project was Ohio Edison’s Niles Station, in Niles, Ohio. Niles Boiler 

No. 2 is a cyclone boiler burning bituminous coal. The pollution control technology on a 

slipstream of flue gas from Boiler No. 2 that was tested is the Selective Catalytic Reduction 

of NO= (SNOX) process. 

. 
L1 Obmt iv= 

The objectives of this project for the SNOX process are: 

(1) 

(2) 

(3) 

To collect and analyse representative solid, liquid, and gas samples of input 

and output streams of the SNOX process, for selected HAPS that are listed in 

Title III of the 1990 Clean Air Act Amendments, and to assess the emission 

level of these. pollutants. 

To determine for selected HAPS (a) the removal efficiencies of pollution 

control subsystems of the SNOX process, (b) material balances in specified 

process streams, and (c) an overall material balance for the SNOX process. 

To determine the concentration of selected HAPS associated with the 

particulate fraction of the flue gas stream as a function of particle size. 
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(4) To determine the distribution of selected HAPS associated with the vapor and 

particulate phase fractions in the flue gas at various points downstream while 

assessing the emission levels of these pollutants. 

1.1.1 Obiectives of DOE and EPA 

The U.S. DOE will use the results of this project in its Flue Gas Cleanup Program to 

provide technology options that will allow for existing and future coal use in a manner that 

respects the environment. Under this program, control systems are being developed for 

airborne emissions of HAPS from coal-tired power plants. Results of this project along with 

the other projects in the assessment of toxic emissions will provide a database on the efficacy 

of a variety of control systems for HAPS generated by combustion of a variety of coals. 

The U.S. EPA will use the results of this project along with other data to help fulfill 

the mandate in the CAAA for the Utility Toxics Study. Data on emissions along with results 

on removal efficiencies will be used to assess whether or not regulation of HAPS is 

warranted for the electric utility industry. 

, 

1.1.2 Substances Measured 

To meet the objectives of the project, measurements were made of the concentrations 

of a comprehensive set of substances. The analytes that were measured are listed in Tables 

l-l through l-5. 

Major and trace elements are listed in Table l-l. The major elements were measured 

to provide additional parameters to be used in the material balance calculations. Because 

the-se elements exist at much higher concentrations in coal and fly ash than do the trace 

elements that are classified as HAPS, they are expected to have less uncertainty in their 

determination. Hence they can serve as benchmarks for the material balance calculations of 

trace elements. Five major elements were measured. Sixteen trace elements were measured. 

Three of the trace elements, As, Se, and Hg, are volatile and were measured in both the 

vapor and particle phases of flue gas streams. 
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Other inorganic substances that were measured include the anions chloride, fluoride, 

phosphate, and sulfate. These anions were measured in solid, liquid, and flue gas process 

streams. In addition, ammonia and cyanide were measured in flue gas streams. Elemental 

carbon was measured in flue gas streams and in baghouse ash. The ten radionuclides listed 

in Table l-l were also measured. 

Organic substances that were measured include semi-volatile organic compounds 

(SVOC), volatile organic compounds (VOC), and aldehydes. Semi-volatile organic 

compounds include polycyclic aromatic hydrocarbons (PAH), and other SVOC. Table l-2 

lists PAH and other SVOC that were measured in flue gas and solid process streams. These 

compounds were measured in both the vapor and particle phases of the flue gas streams. 

Volatile organic compounds were measured in flue gas streams. Table l-3 contains a 

list of VOC that were measured in flue gas streams using a volatile organic sampling train 

(VOST). Canisters were used to collect VOC from flue gas streams as an alternative 

collection method for comparison. The compounds measured in canister samples are listed 

in Table l-4. 

Measurements were made of four aldehydes in flue gas and liquid process streams. 

These compounds are listed in Table l-5. 

J.l.3 Tarmet Detection Liii@ 

Target detection limits for the substances cited in Section 1.1.2 were developed based 

upon the intended use of the data by the DOE and EPA subject to resource and schedule 

wnstraints of the project. Target detection limits account for the planned volume of sample 

to be wllected and the analytical detection limit for an analyte in a given quantity of sample. 

The target detection limits for the project are listed in Tables l-6 and l-7. For some of the 

analytes listed in Table l-6, the analytical method is noted. The right hand column in Table 

l-6 gives the target detection limits in nanograms for each analyte in a sample. Using this 

information, the target detection limits for substances in flue gas samples is shown in Table 

l-7. Target detection limits were not developed for major elements because these elements 

were present in all samples at levels far above their detection limits. 
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The greatest challenge in meeting the target detection limits for flue gas streams was 

wllecting sufficient material from the flue gas streams at the exit of control equipment. This 

in turn depended principally upon the quantity of flue gas that was collected in these process 

streams. The sampling rate and duration of sampling were selected to meet the target 

detection limits shown in Table l-7. 

. 114 

The need for the Utility Toxics Study mandated in the CAAA is driven by concern 

over the impact of emissions on public health. TO collect data with the most relevance to 

issues of public health, samples of size-segregated particulate matter in the range of particle 

diameters that are inhaled into the respiratory system were collecte~I from flue gas. 

Particulate matter collected for analysis for metals and for SVOC was collected in the 

particle diameter range less than 10 pm. At selected locations glass cyclone collectors with 

50 Percent particle diameter cut points of 10 pm and 5 pm preceded a filter in the sampling 

train. Particles were collected in three size ranges at these locations. 

In addition, at selected flue gas locations cascade impactors were used to measure the 

size distribution of particle mass. Particle mass was wllecti in eight size ranges below 

about 10 pm. 

t2 Scow of Proiec$ 

Three sets of measurements were made on the substances identitied in Section 1.1.2. 

Each set of measurements was conducted over a two-day period. Each two-day period 

consisted of one day devoted to collecting samples for organic analysis followed by a day 

devoted to inorganic substances. 

In addition to measuring the concentration of substances in process streams, several 

special topics were investigated. These include the following: 

. Measuring the distribution of elements and SVOC in the vapor and particle 

ph- 
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. Measuring the concentration of elements in three Particle size ranges 

. Measuring mercury using a hazardous element sampling train (HEZST) for 

comparison to U.S. EPA Method 29 measurements 
. Collecting VOC in canisters to compare results with samples collected with a 

volatile organic sampling train (VOST). 

1.3 Oualitv Assurance Audi& 

A quality assurance program was implemented to evaluate adherence to planned 

sampling and analytical procedures in the project Quality Assurance Project Plan (QAPP).’ 

The QAPP contained site-specific quality assurance/quality control (QAIQC), sampling and 

analytical plans. Internal audits conducted by Rattelle were supplemented by external audits 

conducted by Research Triangle Institute (RTI) under contract to the U.S. EPA. 

Battelle conducted an internal QAIQC program for the project that was described in 

the QAPP. Internal QAIQC was the direct responsibility of the field sampling team and 

laboratory personnel at all levels. Rattelle assigned a QA project officer to the project. She 

conducted both field and laboratory audits to document Rattelle’s adherence to the QAPP. 

L3.2 External Audits 

The external QA program included a review of the QAPP for the project by RTJ and 

both performance evaluation audits and technical systems audits at the power plant. 

Performance evaluation audits consisted of RTI challenging monitors with calibration gases 

and spiking impinger solutions and filters with analytes. Technical systems audits consisted 

‘Final Nile.8 QAIQC, Sampling, and Analytical Plans, July 17, 1993. Prepared by 
Ratklle under Contract No. DE-AC22-93PC93251. 
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of RTI observing the procedures for sampling and handling samples to evaluate adherence to 

procedures in the QAPP. 

1.4 Proiect Organization 

Several organizations contributed to the project. An organization chart is shown in 

Figure l-l. Battelle was the prime contractor and reported to DOE. Battelle worked 

directly with the host utility, Ohio Edison, through a Host Site. Agreement. 

The external QA program was conducted by RTI under contract to the U.S. EPA. 

The DOE and EPA coordinated the external audit activities. 

A round robin program for coal analysis was coordinated by Consol, Inc. under 

wntract to DOE. For this program, coal samples from eight power plants and a quality 

control sample were sent to Battelle and the other prime contractors in DOE’s program. 

Results of Battelle’s analysis will be presented in the Final Report. 

Battelle had a major subcontractor, Chester Environmental, for sampling and some 

analyses. Chester conducted hot flue gas sampling at selected locations. Chester analyzed 

HEST samples for mercury, arsenic, and selenium and VOST samples for VOC. Zande 

Environmental Services analyzed liquid samples for VOC. Commercial Testing & 

Engineering Company (CTE) generated composite samples from solid process samples and 

analyzed gas, solid, and liquid samples for elements. International Technology Corporation 

provided radionuclide analyses. Element Analysis Corporation analyzed coal samples for 

elements as a quality assurance check on CTE’s analysis by other methods. 

The Energy and Environmental Research Center at the University of North Dakota 

reviewed the draft Final Report and provided wmments to the DOE and Battelle. 

j,S Oreanization of the Reoort 

This report describes the sampling conducted on the SNOX process at Ohio Edison’s 

Niles Station and the results. Included in this volume of the report are descriptions of the 

plant and its operating conditions, sampling locations and schedules, problems encountered, 
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and solutions or modifications devised to address them. Occurrences or problems resulting 
in deviations from the sampling plan are noted. 

The host utility site is described in Section 2. Operating parameters during the test are 

also summarized in Section 2. 
In Section 3 the schedule for sampling is summarixed along with information on the 

samples that were collected. Results for ash content of the process streams are presented. 
Oxygen content of the flue gas at several locations is presented to estimate the infiltration of 

air into the flue gas. 
Section 4 of the report lists the analytical methods used to analyxe samples. The 

analytical results are presented in Section 5. Section 6 provides analysis and interpretation of 

the data. This is presented in three ways: (1) material balance calculations for the plant and 
individual process components, (2) emission factors, and (3) calculated removal efficiencies 
for trace elements by control equipment. 

Special topics that were investigated are summarized in Section 7. These topics are: 

. Distribution of elements and PAHEVOC between the vapor and particle phases 

. Particle sixe distribution of elements in flue gas streams 

. Comparison of measurements of mercury, arsenic, and selenium made by 
Method 29 sampling and sampling using a hazardous element sampling train 

0 
. Comparison of measurements of VOC using VOST and canister methods. 
. Mercury Results for Individual Method 29 Components 

Volume 2 of the report contains appendices. These appendices provide additional 
information on sampling and analytical procedures, the quality assurance program, estimation 
of uncertainty in emission factors, and data sheets. 
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TABLE l-l. INORGANIC SUBSTANCES MEASURED IN SOLID, LIQUID, 
AND GAS PROCESS STREAMS 

&ior Elements Trace Elements 

Al, K, Ti, Si, Na 

Anions 

Cl-, F, PO,‘, so,- 
Radionuclides 

As, Se, Hg, Cd, Cr, MO, B, Sb, Ba, Be, 
Pb, Mn, Ni, V, Cu, Co 

Other 

NH,, CN-, C 

P, P, Thm, Thm, Thw, Ram, RaU’, 
pbz’o pbz” pb*‘* , , 
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TABLE 1-2. PAH AND OTHER SVOC MEASURED IN FLUE GAS 
AND SOLID PROCESS STREAMS 

Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Biphenyl 
Acenaphthene 
Acenaphthylene 
Phenanthrene 
Anthracene 
Fluorene 
Fluoranthene 
Pyrene 
Benz[a]anthracene 
Chrysene 
~b4pyrene 
B=Mw= 
Benzo[b and k]fluoranthene 
Indeno[l,2,3-c,d]pyrene 
Benzo[g,h,i]perylene 
Dibenm[a,h]anthracene 

Acetophenone 
Benzyl chloride 
2-Chloroacetophenone 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentiadiene 
Hexachloroethane 
Pentachlorophenol 
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TABLE l-3. VOC COLLECTED BY VOST FROM 
FLUE GAS PROCESS STREAMS 

Chloromethane 
Bromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disultide 
1 , 1-Dichlorcethene 
1 , 1-Dichloroethane 
trans- 1,2-Dichloroethene 
1,1,2,2-Tetrachloroethane 
Styrene 

Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 , 1 , 1-Trichloroethane 
Carbon tetrachloride 
Vinyl acetate 

1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Chlorobenzene 
Xylenes (Total) 

Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans- 1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2pentanone 
2-Hexanone 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Hexane 
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TABLE l-4. VOC COLLECTED IN CANISTERS FROM 
FLUE GAS PROCESS STREAMS 

Dichlorodifluoromethane (Freon-12) 
Methyl chloride 
1,2-Dichloro-l , 1,2,2-tetrafluoroethane (Freon-l 14) 
Vinyl chloride 
Methyl bromide 
Ethyl chloride 
Trichlorofluoromethane (Freon- 11) 
1 , 1-Dichloroethene 
Dichloromethane 
3-Chloropropene 
1,1,2-Trichloro-1,2,2-trifluorethane (Freon-l 13) 
1 , 1-Dichloroethane 
cis- 1,2-Dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 , 1 , 1-Trichloroethane 
Benzene 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethene 
cis-1,3-Dichloropropene 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m&p-Xylene 
Styrene 
1, 1,2,2-Tetrachloroethane 
o-Xylene 
4-Ethyltoluene 
1,3,5-Trimethylbenzene 
1,2,4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachlorobutadiene 

TABLE l-5. ALDEHYDES MEASURED IN 
FLUE GAS PROCESS STREAMS 

Formaldehyde AcroIein 
Acetaldehyde Propionaldehyde 
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TABLE l-6. TARGET ANALYTICAL DETECTION LMITS 

Target Analyte 
El~elltS'6' 
MO (ICP-AES) 
B (ICP-AJZS) 
Sb (GF-AAS) 
As (GF-AAS) 
Ba (ICP-AES) 
Be (ICP-AES) 
Cd (GF-AAS) 
Cr (ICP-AES) 
Pb (GF-AAS) 
Mn fJCP-AES) 
Hg (CV-AAS) 
Ni (ICP-ABS) 
Se (GF-AAS) 
v QCP-AES) 
cu (KP-AES) 
co QCP-AES) 
VolatileElements 
As 
Se 
Hg 
AtMlOtlh 
Cyanide 
AllOtIS 

F 
cl- 
W’ 
SO.’ 

Estimated Instrument 
Detection Limit, ng/mL 

25”’ 
20 
5 
1 
5 
5 
5 
20 
1 
5 

0.5 
20 
2 
10 
10 
15 

1.6 ng/cm2 
1.9 ng/cmz 
2.5 nglcml 

SW 
25Om 

lo” 
10 
100 
25 

Final Sample 
Volume, mL 

450, or 25*) 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 
450, or 25 

Estimated 
Detection Limit, og 

11250, or 625”’ 
9000, or 500 
2250, or 75 
450, or 25 
2250, or 75 
2250, or 75 
2250, or 75 
9000, or 500 
450, or 25 
2250, or 75 
225, or 12.5 
9000, or 500 
900, or 50 
4500, or 250 
4500, or 250 
6750, or 375 

16 
19 
25 
225000 
112500 

4500 or 1006) 
4500 or 100 
45000 or 1000 
11250 or 250 
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TABLE l-6. (Continued) 

Tarnet Analvte 
Estimated Instrument Final Sample 
Detection Limit. ne/mL Volume. mL 

Estimated 
Detection Limit. ne 

SVOC/PAH - Gas and 10-100 0.1-l l-loo 
Solid Samples 
voc - Canister 15 2 ppb 
voc-vosr 25 
Aldehydes 6 20 120 
Radionuclides 0.2 pCilg 

(a) Insuument detection limit is also equal to the detection limit in the liquid sample. 

(b) The first number applies to the gas sample, and the second number applies to the solid sample. 

(c) Acronym within parentheses refers to analysis method for elements: ICP-AES = inductively coupled 
plasma atomic emission spectrometry; GF-AAS = graphite furnace atomic absorption spectrometry; 
and CV-AAS = cold vapor atomic absorption spectrometry. 

1-13 



TABLE l-7. TARGET GASEOUS EMISSION DETECTION LIMITS 

Analytical GSS 
Detection Volume 

Limit (ng) Sampled (Nm’) 

Emission 
Detection 

Limit @g/Nm’) 

MO 11250 
B 9c00 
Sb 2250 
As 450 
Ba 2250 
Be 2250 
Cd 2250 
Cr 9000 
Pb 450 
Mn 2250 
Hg 225 
Ni 
Se 
V 
cu 
co 
Ammonia 
Cyanide 
AtdOtlS 
F 
Cl 
PO,- 
so,- 
svOC@ 
Aldebydes 
voc - canister 
voc-vosr 

900 
4500 
4500 
6750 

225000 
112500 

4500 1.5 3 
4500 1.5 3 

45000 1.5 30 
11250 1.5 7.5 
l-100 7.6 0.0001-0.01 

120 0.06 2 
2 ppb NAQ 6 

25 0.003-0.018 1.3-7.5 

7.6 1.5 
7.6 1.2 
7.6 0.3 
7.6 0.06 
7.6 0.3 
7.6 0.3 
7.6 0.3 
7.6 1.2 
7.6 0.06 
7.6 0.3 
7.6 0.03 
7.6 1.2 
7.6 0.12 
7.6 0.6 
7.6 0.6 
7.6 0.9 
0.3 750 
0.59 191 

(a) Calculate target emission detection limit will range from 0.1 to 10 ng/Nm’ depending upon SVOC 
compound and matrix. 

(b) NA = Not applicable. 
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2.0 SITE DESCRIPTION 

The host site for this study was the Innovative Clean Coal Technology (ICCT) SNOX 

demonstration at Ohio Edison’s Niles Station Boiler No. 2. The site is described in this 
section of the report as follows. The configuration of the boiler and SNOX process is 

described followed by a description of the process streams locations at which samples were 
collected. Finally, the expected and actual operating conditions of the boiler and SNOX 

process during the study are summarized. 

21 Plant Confkuratior\ 

The configuration of the power plant unit and the SNOX process is summarized in 

this section. During the period of sampling for this project, a few operating procedures for 
the power plant unit and the SNOX process were modified. These modifications are noted. 

21.1 Boiler No. Z 

Niiea Station of Ohio Edison is located in Niles, Ohio, on the bank of the Mahoning 

River. The Niles Boiler No. 2 is a Babcock & Wilcox cyclone boiler burning bituminous 

coal with a net generating capacity of 100 megawatts. The boiler has four cyclone burners, 

each fed by a separate feeder. Nominal sulfur content of the coal is 2.8 percent. The coal 
comes from several local sources and is blended in the coal yard to meet 24-hour and 30- 

day roiling averages for St& content of flue gas. 
The flue gas leave.? the boiler, passes through an air heater, and enters an electrostatic 

precipitator (ESP) with five fields, each with hvo hoppers. The flue gas leaving the ESP is 
vented through a 120-m (393-foot) tall stack. 

The SNOX process takes a slipstream of flue gas ahead of the ESP, cleans the 
slipstream, and returns the slipstream to the flue gas after the ESP and before the stack. 
This is shown in Figure 2-l. All flue gas sampling was conducted on the slipstream of the 
SNOX process. Therefore operation of the ESP had no effect on the measurements 
summarized in this report. 
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Normally, soot blowing occurs once each shift. Ohio Edison altered the schedule for 
soot blowing during the field study. Soot blowing was conducted a couple hours before 

sampling began each day and again after sampling was completed each day. 
Ammonia is normally added to the flue gas before the ESP at a rate of 0.1-0.2 

m3/min (4-6 cubic feet per minute) to achieve a concentration of about 18 ppm. This is done 
to control acid mist. However, during the course of this project ammonia was not added to 

the flue gas at the request of ABB Environmental Systems, who operated the SNOX process. 

2.1.2 SNOX Process 

This ICCT demonstration is the Wet Gas Sulfuric Acid (WSA)-Selective Catalytic 
Reduction of NO, (SNOX) demonstration by ABB Environmental Systems (Comprehensive 

Repon to Congress, Clean Coal Technology Program, WSA-SNOX Flue Gas Cleaning 

Dernmsrrafion Project, U.S. Department of Energy Report No. DOE/FE-0151, November 
1989). Cosponsors are the DOE, Ohio Coal Development Office, Ohio Edison, and 
Snamprogetti, USA. The SNOX process combines selective catalytic reduction and wet 
sulfuric acid technologies to remove both nitrogen and sultirr oxides from flue gas. 

A 35-megawatt equivalent slipstream of flue gas from the Niles Boiler No. 2 is taken 
atIer the air preheater and before the ESP to demonstrate the SNOX process. The SNOX 
system pulls a constant load from Boiler No. 2 as the total load on the boiler fluctuates about 

full load. The flue gas entering the SNOX process from Boiler No. 2 first passes through a 
support burner to increase its temperature. The support burner is fueled with natural gas. 
The combustion air flow is steady, and the flow of natural gas is varied to maintain 
temperature of the flue gas. The heated flue gas travels to a baghouse to remove particulate 
matter. After the flue gas leaves the baghouse, ammonia is added to the particle-free gases. 
The flue gas then passes through the selective catalytic reactor (SCR) where oxides of 
nitrogen are reduced to free nitrogen and water vapor. The flue gas then passes through the 
SO2 reactor where SO2 is oxidised catalytically to sulfur trioxide and subsequently recovered 
as sulfuric acid in a wet gas sulfuric acid condenser. The flue gas then rejoins the flue gas 
from the boiler downstream of the ESP, and exits through the stack. 
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The SNOX baghouse removes particulate matter from the flue gas stream prior to the 

SO2 catalyst. This allows the catalyst, which collects and retains over 90 percent of the 

particulate matter reaching it, to be used for longer periods of time before cleaning. 
The SNOX baghouse was manufactured by ABB Environmental Systems. With a 

gross air-to-cloth ratio of 3.76 (4.51 net), it has six compartments containing a total of 1,596 
Gore-Tex bags. The bags are 431 cm long (169.75”) and 15.2 cm (6”) in diameter. The 

bag material is Teflon on fiberglass. New bags were installed in the baghouse several days 

before sampling began. 
Collected particulate matter is dislodged from the bags by pulse jet cleaning several 

times an hour. The pulse pressure is 3.4-4.8 x l@ kPa (50-70 psi). This is automatically 
intiated by pressure drop sensors. The ash falls into one of six hoppers. The hoppers are 
dumped once a shift after the BSP hoppers are dumped. The Niles’ Station hydra-vat 
system first empties the ESP hoppers and then automatically empties the SNOX baghouse 
hoppers. Ash is drawn out of the baghouse hoppers into a sluice line until the low vacuum 

limit is reached. 
Atk the flue gas leaves the baghouse, it passes through a gas-gas heat exchanger 

increasing the flue gas temperature. Ammonia is added to the flue gas on a localii scale 
throughout the cross section of the duct through a matrix of noaxles. An additional 22.65 
scm/min (800 scfm) of air flow is added to the flue gas with the ammonia addition. The 
local concentration ratio of ammonia/nitrogen oxides can be slightly greater than 
stoichiometric because any unreacted ammonia that passes out of the SCR is oxidixed to 

NO,, water and nitrogen further downstream in the SQ reactor. Throughout this portion of 

the SNOX process the temperature of the flue gas is above the dew point of ammonium 
sulfate and ammonium’bisulfate. Therefore, no sulfate particulate matter is generated in the 

flue gas from the ammonia. 
The ammonia/flue gas mixture enters the SCR and contacts the Haldor Topsoe DNX 

monolithic catalyst. The catalyst reduces the NO, to nitrogen and water vapor. 
The flue gas then leaves the SCR and is heated to increase its temperature for 

optimum conversion of SO* in the SQ reactor. The SO2 is converted to SOS as it passes 
through a Haldor Topsoe VR38 sulfuric acid catalyst. 
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The flue gas then passes through the gas-gas heat exchanger where SO9 is hydrated to 
sulfuric acid. The sulfuric acid vapor is condensed in the WSA Condenser. This is a tube 
and shell falling tilm condenser with ambient air used as a cooling medium on the shelI side. 
The condenser has 7,200 glass tubes. 

The condensed sulfuric acid is fed into an acid conditioning and storage system. 

2.2 Process Stream.q 

Eight flue gas, solid and liquid process streams were sampled during the study. In 
Figure 2-l the sampling locations are numbered. Table 2-l identifies the sample locations 
used for this study. For consistency in handling of samples, a single numbering scheme was 
applied to three separate field studies conducted by Rattelle for DOE, one of which was the 

SNOX. Thus (e.g.) Location 1 was Boiler Feed Coal for all three studies. A result of this 
numbering system was that location numbering at the SNOX was non-consecutive, as shown 
in Table 2-l. Figure 2-l and Table 2-l distinguish three types of sampling locations: flue 

gas/particulate matter sampling locations, designated G; solid sample collection points, 
designated S; and liquid sample collection points, designated L. 

2.2.1 Flue Gas Stream 

At the SNOX process sampling for gas and particulate phase species in the flue gas 
was conducted at four outdoor locations. RattelIe staff conducted such sampling at the 
baghouse inlet (Location 18, Figure 2-l) and baghouse outlet (Location 19). Chester 
EnvironmentaI staff conducted flue gas sampling at the outlet of the SCR unit (Location 20) 

and outlet of the wet sulfuric acid condenser (Location 21). The flue gas conditions at 
Locations 18-21 are summarixed in Table 2-2. 

2.2.1.1 Temwrature and Static Presurp. At Locations 18 and 19, the flue gas 
temperature was in the range 464 to 476 K (376 to 397 F), and the static pressure was 
slightly negative (0.44 to 0.47 inches mercury). 
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At Locations 20 (SCR Unit Outlet) and 21 (WSA Condenser Outlet) the flue gas was 

under positive pressure. The temperature at Location 20 was elevated 624 K (664 F), and 

the temperature at Location 21 was 365 K (198 F). 

22.1.2 Moisture. The measured water content of the flue gas was steady 

throughout the field study. The moisture content measured at Location 21 on July 18 is only 
one-half of that measured on the remaining days. Review of sampling records did not 
explain this apparently low result. 

u.1.3 Oxvpen Content. The oxygen content of the flue gas was determined at a 

single point in the cross section of the duct at each location. The average values for 
Locations 18-21 were 3.7, 4.3, 6.2, and 6.2 percent, respectively. 

212.1.4 Particle L&,@. Loading of particulate mass in the flue gas streams was 
determined from samples collected with the Method 29 sampling tram during sampling for 
elements. The average particle mass loading upstream of the SNOX baghouse was 2,170 
mg/Nm’ with a relative standard deviation of seven percent. At the exit of the baghouse, the 
first two determinations were 3.0 and 6.0 mg/Nm3, and the third determination was 40.7 
mg/Nm3. Sulfate data for this location track the mass loadiig (see Section 5). Discussions 
with ABB Environmental Systems revealed that they have seen elevated mass loadings at the 
location periodically in other sampling projects. The cause of this phenomenon has not been 
determined. 

The large particle mass loadiigs listed for Location 20 are believed principally to be 
artifact formation of ammonium sulfate and ammonium bisulfate in the sampling apparatus. 

Again the sulfate data at this location are elevated, although sulfate does not account for 
most of the mass on July 22 and July 24. The mass data were collected as the Method 29 
sampling train traversed the duct, while the sulfate data were wllected isokinetically at a 
single point. The non-ideal sampling location (ii terms of flow patterns in the duct) is 
discussed below. This likely had an effect on the results. Again ABB has noted problems 
with de&mining flue gas flow rates at Locations 20 and 21 in previous work. 
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At Location 21, the average mass loading was 49 mg/Nm’. This mass was primarily 

sulfate, and it may be an artifact of sampling resulting from sulfuric acid mist. 

2.2.1.5 Flue Gas Flow Rate. Flow rates at Locations 18 and 19, shown in Table 2- 

2, agree within about 10 percent, but measured flow rates at Locations 20 and 21 are 
significantly higher than those at Locations 18 and 19. ABB told Battelle that the 
measurements at Location 21 are “in line” with work by other contractors, but that these 
data are not believed to be an accurate determination of the flue gas flow rate following the 
WSA condenser. A likely explanation for possible flow measurement errors at Locations 20 
and 21 is the very poor sampling conditions at these locations. 

At Locations 18 and 19, flue gas sampling was conducted from horizontal round 
ducts about 2 meters (6.5 feet) in diameter and 15 meters (50 feet) above ground. Only two 
7.6 cm (3-m) diameter sampling ports, one vertical and one horizontal, were available at 

these locations, along with two smaller 2.5-5 cm (or 1-2 inches diameter) ports at 
Location 19. Along with the very limited platform area at these locations, the small number 
of ports available made coordination of multiple parallel sampling methods difficult at these 
locations. Nevertheless these locations had a run of duct in front of them that provided 
stable flow patterns for determining flue gas flow rates. 

At both Locations 20 and 21 multiple horizontal ports were available; however the 
proximity of the sampling locations to disturbances upstream made these locations less 
suitable than Locations 18 and 19 for determining mass flows of material in the flue gas. 
The number of undisturbed upstream diameters at these two locations was zero and one 
respectively; nowhere near the 10 diameters that is the U.S. EPA standard. These wncems 
are discussed in Section 3.2.4. 

Only one liquid stream was sampled at the SNOX, the sulfuric acid from the WSA 
condenser (Location 22). Solid samples consisted of baghouse ash (Location 24), SO* 
catalyst waste (Location 23), and boiler feed coal (Location 1). Coat was supplied to the 
Niles Station by up to six suppliers. As indicated earlier, some blending of coat was done in 
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the coal year to meet allowable running averages for SO* emissions. However, in order to 

adequately mea-sure coal composition, Ohio Edison staff collected a coal sample from each of 

the four Boiler No. 2 feeders every half hour of each sampling day while sampling was 

underway. Those samples were then cornposited by American Society of Testing and 

Materials (ASTM) methods to a single sample for that day, about 3 kg of which was 

provided to Battelle. 

2.3 Plant Omtiw Conditions 

The design of the sampling at the SNOX process was based in part of the expected 

operating conditions of the unit. These conditions are summarized in this section followed 

by a report on the actual conditions that were encountered. 

. . 
23.1 Nhbal Condhm 

After consultation with Niles Station and ABB staff, and review of information about 

the plant, the expected plant operating conditions and allowable ranges of those conditions 

were established. Table 2-3 lists those operating conditions. 

. . 
23.2 Actualr No. 2 Onem Cond it- 

During the SNOX field sampling, plant operators provided hourly data on the 

operating conditions listed in Table 2-3, by filling out log sheets provided by Battelle. 

Information was also obtained in the form of printouts from the plant data system. Table 2-4 

shows the daily averages and standard deviations of Boiier No. 2 operating conditions 

actually encountered during the six sampling days at the SNOX. These values were 

calculated from the hourly values recorded during the period of sampling on each sampling 

day. Copies of the boiler log sheets of operating data from the SNOX sampling periods are 

included in Appendix A of this report. The process data reported are: 
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coal firing rate 

Load 

Steam generation rate 

Steam temperature 

Steam pressure 

Excess Oz at the furnace outlet (ahead of air preheater) 

CO2 at the stack 

SO2 emissions 

NO, emissions 

Opacity 

Only the hourly data for the actual test period were used in calculating daily average values 

for plant process variables. The data are summarixed in Table 2-4, and they are plotted in 

Figures 2-2 through 2-l 1. 

The feed rate of crushed coal to the four cyclone burners is determined by Ohio 

Edison from quantity of coal on the four conveyor belts delivering the coal to the burners 

along with the speed of travel of the belts. Each belt holds approximately 45 kg/m (30 lb/ft) 

of coal. The lag time for coal on each of the four conveyor belts (Location 1) to reach the 

cyclone burners and be tired is a few minutes. The daily average coal firing rate ranged 

from 11.4 to 11.7 kg/s (90.6 to 93.2 klblhr), a range of 2.8 percent of the average coat 

tiring rate. 

The daily average gross load ranged from 116.2 to 117.2 MW, a range of 0.9 percent 

of the actual load., The daily average steam generation rate ranged from 109 to 111 kg/s 

(866 to 882 klb/hr), a range of 1.8 percent of the actual steam generation rate. 

The daily average excess oxygen readings at the furnace outlet ranged from 1.07 to 

1.70 percent, a range of 45 percent of the excess oxygen. 

The Niles Station uses a continuous emission monitoring (CEM) system called 

Ecoprobe, which was installed by KVB of Irvine, California. The complete system is 

comprised of two subsystems with one subsystem serving as the primary measurement 

system and the other as the secondary system. Sulfur dioxide is measured with a Teco 43H 

pulsed fluorescence analyzer. Nitrogen oxides are measured with a Teco 42 
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chemiluminescence monitor, and carbon dioxide is measured with a Teco 41H gas Nter 

correlation monitor. The flue gas is diluted by a factor of 15O:l before measurement. 

There are two flow monitors for the system. The primary system is a Dietrich anubar 

system, and the secondary system is a Pammetrics CEM68 system. The CEMs are 

calibrated once a day automatically. The primary system is calibrated between 0630 and 

0700, and the secondary system is calibrated around noon each day. It was not possible for 

Research Triangle Institute (RTI) to conduct a performance audit on these CEMs. 

The daily average SO, emissions ranged from 0.55 to 0.667 g/MJ (1.28 to 1.55 

lb/l@ Btu), a range of 19 percent of the SOr emissions value. The daily average NO, 

emissions ranged from 0.28 to 0.34 g/UT (0.65 to 0.80 lb1106 Btu), a range of 21 percent of 

the NO, emissions value. The daily average CO2 readings at the stack ranged from 13.38 to 

13.73 percent, a range of 2.6 percent of the COr value. 

The daily average opacity ranged from 2.5 to 3.3 percent, a range of 28 percent of 

the opacity value. 

Comparing the data reported in Table 24 to the expected operating conditions given 

in Table 2-3 shows that the expected load and emissions values were achieved for most 

parametem. The oxygen value at the furnace outlet deviated from the expected value, but 

discussions with plant staff after the study suggested that the expected values were too high 

and that the measured values were more in line with plant practice. The gross load was 

higher than the “allowable” range listed in Table 2-3. The load was steady, and operation of 

the plant at a gross load in excess of the range shown in Table 2-3 did not have a negative 

impact upon the project. Drum steam pressure was higher than the “allowable” range in 

Table 2-3. This did not have a negative effect on the project. 

The only problems encountered in plant operation at the SNOX were in operation of 

the coal feeders. As Table 2-3 shows, operation with all four feeders and cyclones was 

required for the sampling effort. This requirement arises because load could drop 

substantially if one feeder failed. As a result, all flue gas sampling was stopped whenever a 

feeder was out of service. The most common feeder failure was breakage of a shear pin. 

This occurred several times during the study, but resulted in sampling interruptions of no 

more than 15 minutes at a time. Thus this problem caused no deviation from the planned 
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sampling. A full list of the shear pin occurrences at the SNOX is provided in Section 3.1.3 

of this report. 

A more serious feeder problem during sampling at the SNOX occurred late in the 

evening on July 19, when a feeder failed due to bearing problems. The feeder was fixed the 

morning of July 20, but failed again immediately when put into service. Discussions with 

plant staff and with the DOE on-site representative led to the conclusion that it would be best 

to repair the feeder by replacement of appropriate parts. As a result, no sampling was done 

on July 20, and sampling was delayed until about mid&y on July 21, after the feeder had 

been fully repaired. Once fixed, no further serious feeder problems occurred for the rest of 

the sampling period. 

2.3.3 Actual SNOX Oneratinn Conditions 

Process data for the SNOX system that are reported are: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Support burner flow rates 

Gas temperature at baghouse inlet 

Gas temperature at SOa reactor inlet 

Gas temperature at WSA condenser outlet 

Ammonia injection rate 

Liquid sult%ic acid production rate 

NO, at SNOX inlet 

NO, at SNOX outlet 

SQ at SNOX inlet 

SO, at SNOX outlet 

Data on the support burner flow rates are reported for the entire test period. The 

actual average flow of natural gas to burners 1 (ahead of Location 18) and 2 (after Location 

20) was 0.87 m%nin (0.51 f&./s) and 0.76 m”/min (0.45 f&s) at 86 psi, respectively. These 

flows correspond to 5.1 dscm/min and 4.5 dscmlmin. The flow of natural gas was steady 

throughout the test period. The average combustion air flow rate to the two burners was 

88.75 scmhin and 38.82 scm/min. 
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Table 2-5 presents average values, ranges, and standard deviations for the other 

actual SNOX system operating conditions for each day of the study at the SNOX. Selecttxl 

data are plotted in Figures 2-12 through 2-17. Only the hourly data for the actual test period 

were used in calculating daily average values for SNOX operating conditions. 

Daily average gas temperatures at the baghouse inlet ranged from 469 to 472 K (385 

to 390 F), a range of 0.6 percent of the absolute temperature. Daily average gas 

temperatures at the SNOX reactor inlet were constant at 693 K (788 F), a range of zero 

percent of the absolute temperature. Daily average gas temperatures at the WSA condenser 

outlet ranged from 364-365 K (195 to 198 F), a range of 0.3 percent of the absolute 

temperature. 

Daily average ammonia injection rates ranged from 14 to 16.7 g/s (111 to 132 lb/h@, 

a range of 17 percent of the injection rate. Ammonia injection rates were appreciably higher 

during the first one and one half days of testing, sometimes reaching 17.7 g/s (140 lblhr). 

The high ammonia injection rates caused some sampling problems at Location 20, and the 

ammonia injection rate was lowered for the remainder of the test. Lowering the ammonia 

injection rate. did not appear to affect NO, reduction through the SNOX process. The 

process is designed to be operated at an NT&/NO, ratio of slightly greater than 

stoichiometric. 

The rate. of production of liquid sulfuric acid in the WSA condenser (Location 22) 

was on average 210 g/s (1.9 gallons/minute). The daily average rates of production as 

supplied by ABB Environmental Systems are shown in Table 2-5. A range and standard 

deviation were not available. 

Daily average NOx values ranged from 671 to 726 ppm at the SNOX inlet and from 

45 to 60 ppm at the SNOX outlet. The daily average NO, value at the SNOX inlet varied by 

7.9 percent of the NOx value at that location, and the daily average NO, value at the SNOX 

outlet varied by 29 percent of the NO, value at that location. 

Daily average SO* values ranged from 1,936 to 2,102 ppm at the SNOX inlet and 

from 67 to 83 ppm at the SNOX outlet. The daily average SOr value at the SNOX inlet 

varied by 8.2 percent of the SO2 value at that location, and the daily average SO2 value at 

the SNOX outlet varied by 21 percent of the S@ value at that location. 
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Table 2-6 gives the daily average apparent NO, and SO, reductions, as calculated 

from the daily average NO, and SO2 values. The daily average NO, reductions ranged from 

85 to 93 percent. The daily average SO, reductions ranged from 94 to 96 percent. 

Research Triangle Institute conducted a performance audit evaluation of ABB’s 

continuous emissions monitors for SO2 and NO, and oxygen. The results of the audit are 

presented in Table 3 of RTI’s Field Sampling Audit Report which is included in Appendix B. 

The difference between the audit standard and ABB’s monitors was -2.1 percent for oxygen, 

0.40 percent for SO* and -0.55 percent for NO,. These results are within the “reasonable 

acceptance limit of f 10 percent” used by RTI in evaluating the performance audit data. 

2.3.4 Oxvaen in Flue Gac 

Excess oxygen in the boiler flue gas characterizes combustion conditions, and oxygen 

levels in the flue gas as it passes through the control equipment and out the stack is an 

indication of leakage of ambient air into the flue gas. 

The daily average oxygen level in the flue gas at the furnace outlet (ahead of the air 

preheater) is shown in Table 2-7 (data are from Table 2-4). These data were measured by 

Ohio Edison at a single point in the duct. The corresponding excess air and total air is 

shown in the thiid row. 

A calculated value for oxygen content of the flue gas in the stack is shown along with 

the corresponding excess and total air. These values were calculated from the daily average 

COr concentrations in the stack and the relationship between oxygen and COr. This 

relationship was calculated from the average coal analysis for the three days and the natural 

gas consumed by the support burners. 

The increase in oxygen content of the flue gas from the outlet of the furnace to the 

stack is evidence of leakage of ambient air into the flue gas across the air preheater, ESP, 

and SNOX process as a whole. The Niles Boiler and SNOX process is under negative 

pressure from the boiler exit through the SNOX baghouse, and leakage of ambient air into 

the process across the air preheater and perhaps the baghouse can be expected. From the 

SCR reactor through the exit of the process, the SNOX system is under positive pressure. A 
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possible source of leakage is a break in any one of the 7,200 glass tubes in the condenser. 

Implications for air leakage are discussed further in Section 2.3.6. 

2.3.5 Barometric Pressure 

The barometric pressure on the sampling days was recorded at the flue gas sampling 

locations. The average reading at these locations for each day is listed in Table 2-8. 

2.3.6 Flue Gas Flow Rate 

As discussed elsewhere in this section of the report, measurements of the flue gas 

flow rate at Locations 19, 20, and 21 were suspect because of the potential impact of the 

configuration of the ducts upstream of these three locations on accurate measurement of the 

flue gas flow rate. The flow rates at Locations 19, 20, and 21 did not agree with the flow 

rates at Location 18, even after allowing for natural gas and combustion air introduced into 

the flue gas downstream of Location 18. Therefore, Battelle decided to base. all flow rates 

used in calculations of material balances, removal efficiencies, and emission factors on the 

measured flow rates at Location 18. To do this, flow rates were calculated for Locations 19, 

20, and 21 adjusting for the differences in oxygen levels and for gases introduced into the 

system between Locations 20 and 21 (auxiliary burner No. 2 and injection of ammonia). 

These calculated flows were then compared to the measured flow at Location 18. The 

tabulation on page 2-14 shows the calculated flow rates for Locations 19, 20, and 21 and the 

impact of the air added with the ammonia and auxihary burner No. 2. 
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DN Flue Gas Flow Rate 

Avenge Values for Flue Gas lb/h 

Location 18 - messural 315,082 142.894 
Presumed air leakage 11,184 5,072 

Location 19 - calculated 
Air added with ammmia 
presumed air leakage 

326,266” 141,966 
3,662 1,661 

31,499 17,006 

Location 20 - calculated 
Flue gas gene&d by burner No. 2 
Presumed air IePkage 

361,427”’ 166,634 
5,239 2,376 

10,894 4,941 

Lcmtioo 21 - calculated 383.560*’ 173.950 

(0) &hhted hm the -d flow rate at Locstion 18, the oxygen level, md input of air ad nahd gas. 

From the information presented above it can be seen that there is flow of gas that is 

unaccounted for between each set of locations. In other words there is flow of flue gas that 

is not intentionally introduced in the SNOX process; leakage of ambient air into the system 

is thought to be the cause of the increased flow rate and oxygen concentration. Between 

Locations 18 and 19, the baghouse operates at a negative pressure with respect to ambient 

conditions. The presumed air leakage (about 3.4 percent of the total flow) between Location 

18 and Location 19 might be the result of leakage of ambient air into the baghouse. 

Between Locations 19 and 20 of the SNOX system, the flow of flue gas that is 

presumed to be air leakage is 17,006 kg/hr (37,499 lblhr). Components of the SNOX 

system between these two locations include a fan, a gas to gas heat exchanger, ammonia 

injection equipment, and the SCR reactor. The SCR reactor is under positive pressure. A 

location for leakage of ambient air into the SNOX system was not identified. 

Between Locations 20 and 21 the components of the SNOX system include the second 

support burner, S@ reactor, gas-to-gas heat exchanger, and WSA condenser. A possibility 

for leakage of air into this portion of the SNOX process is a break in one or more of the 

7,200 glass tubes in the condenser. 

The calculations leading to the flue gas flows at Locations 19, 20, and 21 depend, of 

wurse, upon the measured levels of oxygen. To the extent that these measurements do not 
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accurately represent flue gas conditions, an error would be introduced into the calculated 

flow rates. The oxygen measurements were made at a single location in the duct at each 

sampling location. The oxygen levels at Locations 20 and 21 would have had to have been 

about two percent lower to eliminate the unaccounted flow of flue gas between these two 

locations. 

In summary, calculations based upon the measured flow rate at the inlet to the 

baghouse (Location 18); measured oxygen levels at Locations 19, 20, and 21; and injection 

of natural gas and air were used to estimate the flue gas flow rates at Locations 19, 20, and 

21. These calculations indicate that additional flow of gases entered the system between 

each pair of locations. This additional flow may be explained by leakage of ambient air into 

the SNOX process. 
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TABLE 2-l. IDENTIFICATION OF SAMPLING POINTS 

Location(‘) Description SNOX 

1 Boiler feed coal 
18 Baghouse inlet 
19 Baghouse outlet 
20 SCR unit outlet 
21 WSA condenser outlet 
22 Sulfuric acid 
23 so* catalyst waste 
24 Baehouse ash 

S 
G 
G 
G 
G 
L 
S 
S 

(4 

0) 

See Figure 2-l for locations in the process 
streams at the SNOX process. 
S = solid stream, G = flue gas stream, 
L = liquid stream. 
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TABLE 2-2. FLUE GAS CHARACTERISTICS AT SAMPLING LOCATIONS 

Flue Gas Characteristics 
Pani& Flue Gas Flue Gas 

Lmdtionl 
Tut Day 

Temperature 
00 

RedlUrc 
(mm Hz& 

Loading-’ 
(mg/Nm’) 

Flow Rat+* Flow rtate’u’ 
(Nm’/min) INm’lminl 

htkn 18 
Ba&owc Mei 
7118 
7119 
7rzl 
7l22 
7i23 
7n4 

Locatio 19 
Byhowe Outlet 
7118 
7119 
7l21 
7l22 
7l23 
7r24 

Lacatho 20 
SCR Unit Outkl 
Ii18 
7119 
7t21 
7122 
7l23 
704 

475 -11.9 8.8 4.0 
474 -11.9 10.8 4.2 
476 -11.9 a.2 4.5 
475 -11.9 9.2 3.5 
478 -11.9 7.0 2.8 
472 -11.9 a.9 3.0 

468 -11.2 a.9 4.8 
464 -11.2 10.3 4.2 
465 -11.2 a.3 4.3 
466 -11.2 9.3 4.0 
466 -11.2 6.9 4.0 
466 -11.2 9.3 4.5 

628 30.5 a.9 6.0 
619 30.5 10.1 6.0 
623 30.5 a.3 6.5 
624 30.5 a.9 6.0 
624 305 a.3 7.0 
624 30.s a.7 6.0 

Lalcatko 21 
WSA CoDdenser On&l 
7116 364 
7119 36s 
7r21 364 
7l22 365 
7i23 365 

1.52 
1.52 
152 
1.52 
1.52 

7.9 S.0 
9.0 6.0 
8.0 7.0 
a.1 6.0 
7.8 5.0 

A, 
2,213 

2,019 

2,265 

3.0 

6.0 

40.7 

349 

248 

360 

61 

32 

1.715 1,817 
1,679 1.800 
1,695 1,850 
1.717 1,767 
1.815 1,794 
1,747 1.747 

i .482 1,647 
1.509 1,617 
1.501 1,618 
1.500 1,589 
1,523 1,613 
1.450 1,582 

3,217 3.865 
2,553 3.067 
2.477 3,078 
3,249 3.903 
3,087 3.975 
3,010 3.616 

I ,789 2.014 
1,694 2.035 
1,636 2,107 
1,419 1.705 
I ,830 2.060 

7l24 

(1) 

69 

(4 

Cd) 

Cc) 

366 1.52 8.0 8.0 55 I.406 1.951 

Tke putkk kadmg at Lacation 20 b belkved to be unmooiom ruffite utd/or rolfate ulu that wtlc gcocnted 
from the amtnmk diiin to the ULU gu. The prtkk mass kadiigs at Location 21 may be sulfuric acid mkt. 

pat&k mau kadiig wu masutrd on day: when a Method 29 sampling train wan used to c&cot material for 
elmmtal dysi. It wu nci mamued cm days when umpka WIT, colkcted for orgaoic aoalyru. 

The measured he gu tlow rate at LaWion 20 ia much higher tbao at L-xationr 18 md 19. Sampling at Location 
20 w hr from ideal coming io a -gukr duct just a few fesf after a 18Odc~ bad. In addition, not alI 
pmta couId be accused. ‘flweforc. the measured flue gu flow ratea based upon Inversing l e rubjeot to 
cmuidenbk unwuioty. 77~ lluc pu flow rata at Location 21 .IC also higher than .t Locations 18 md 19. 

Notmdizd to thnc percent oxyp in Ibu 0~. 

Fkw NC at d oxyga contalt. 
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TABLE 2-3. NILES BOILER NO. 2 AND SNOX EXPECTED OPERATING 
CONDITIONS AND PERMI?TED DEVIATION 

Pammet& 
NOtid Allowable 
Expected Value Range 

Boiler opemtiog condition9 
cd 

Cycl0ne.s in operation 
Flue gas oxygen monitor readings, percent 
Steam temper&m at superheater outlet, F 
Steam tempxahm at reheater outlet, F 
Drum steam p-n, psig 
-llmttle steam flow, Ib/hr 

Constant source, if possible 
115 
4 
2.5-3.0 
1000 
1000 
1470 
850,000- 
9w,ooo 

110-115 
4 

1.8-3.0 
980-1010 
950-1010 

1460-1480 
800,000- 

1,~,~ 
Preheater dumping 
ESP dumping 

EmissiOOS 
Stack opacity, 6-min. average, percat 
Stack S02, ppm 
SW NO., ppm 

hged schedule 
Arranged schedule 

3-10 c20 
1900 1800-2200 
600-650 500-810 

SNOX opa-atlng cooditlorrs 
Gas temperahtn at baghouse inlet, F 
GastempemhueatSO,resctorinlet,F 
Gas temperahtn at SO2 condenser outlet, F 
NO= reduction through SNOX system, percent 
SG, reduction through SNOX system, percent 
Discharge NO., ppm 

400 385415 
788 780-800 
205 195-210 
> 9om 90-100 
96 90-100 
40-5fl AChd 

(a) l.OW F = 811 K l.OOO,ORl lb/&r = 126 kg/s 
98OP= 8OOK 385F=469K 

1,010 F = 816 K 4OOF=478K 
950 F = 783 K 415 F = 487 K 

1,470 psig = 1.01 x 10’ kPa 780 F = 689 K 
1,460 psig = 1.01 x 10’ kPa 788 F = 693 K 
1,480 psig = 1.02 x 10’ kPa 8WF=7WK 
8W,OOO Ib/hr = 101 kg/s 195 F = 364 K 
850,000 Ib/hr = 107 kg/s 205 F = 369 K 
900,000 lb/&r = 114 kg/s 210 F = 372 K 

@I) Tlme values wcro rqm-ted incorrectly as >95% and 5 ppm in the site-specific Sampling Plan. 
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TABLE 24. ACTUAL OPERATING CONDITIONS FOR NILES BOILER 
NO. 2 DURING SAMPLING 

July 19 
July 21 
July 22 
July 23 
July 24 
L0pd.w 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 
Steam Gemration Rate. klbh 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 
Drum Sbm P==. mitz 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 

Average 

93.2 
91.7 
91.0 
92.2 
90.8 
90.6 

Df& 
IMP Rate. klbihr 

July 18 92.0-94.3 
90.3-93.3 
89.2-92.9 
91.2-93.1 
89.9-92.6 
89.6-91.6 

Standard Deviation 

0.6 
1.1 
1.2 
0.6 
0.8 
0.6 

116.3 115-117 0.6 
116.2 116-117 0.4 
116.6 115-118 0.9 
117.0 117-117 0.0 
117.0 117-l 17 0.0 
117.2 117-118 0.3 

866 863-868 
868 867-870 
878 874-882 
879 876-880 
882 879-886 
876 872-879 

1533 1531-1535 1.3 
1534 1532-1536 1.2 
1535 1534-1537 1.1 
1536 1534-1538 1.4 
1537 1535-1538 1.1 
1536 1534-1537 1.2 

Outlet. e 
July 18 loo0 
July 19 loo0 
July 21 995 
July 22 998 
July 23 997 
July 24 1000 
vre at Reheater Outlet. E 
July 18 982 
July 19 976 
July 21 971 
July 22 972 
July 23 965 
July 24 979 

999-1002 0.7 
996-1002 1.6 
986-loo0 4.0 
995-lam 1.7 
991-1000 3.4 
999-loo0 0.5 

973487 4.9 
964-982 6.5 
952-984 9.6 
965-975 2.9 
960-968 3.2 
969485 4.6 

2-19 



TABLE 2-4. (Continued) 

Dpte Average Range Standard Deviation 
Excess 0, at Furnace Outlet. uerce# 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 
CO, at Stack. wceat’ 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 
SO, Emissions. lb/l@ Btu 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 
NO. Emissions. lb/Id Bht 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 
Otmcitv. cercat 
July 18 
July 19 
July 21 
July 22 
July 23 
July 24 

2.04 1.57-2.44 0.25 
1.80 1.56-2.27 0.20 
2.20 1.98-2.46 0.19 
1.78 1.64-2.01 0.13 
1.57 1.32-1.70 0.12 
2.10 1.78-2.51 0.23 

13.38 13.17-13.59 0.14 
13.48 13.31-13.62 0.09 
13.46 13.24-13.65 0.13 
13.65 13.59-13.71 0.05 
13.73 13.63-13.78 0.05 
13.45 13.30-13.80 0.17 

1.31 1.25-1.39 0.05 
1.28 1.10-1.36 0.07 
1.52 1.21-1.65 0.13 
1.31 1.25-1.34 0.03 
1.39 1.26-1.53 0.08 
1.55 1.45-1.64 0.07 

0.76 0.60-0.87 0.08 
0.65 0.56469 0.04 
0.79 0.71-0.90 0.07 
0.78 0.70-0.87 0.05 
0.71 0.69475 0.02 
0.80 0.714.89 0.06 

3.3 3.0-11.2 0.75 
2.7 2.3-10.6 0.84 
2.9 2.6-5.8 0.43 
2.2 O-8.6 9.4 
3.4 0.3-15.6 1.8 
3.3 2.9-3.6 0.15 

* 0.5 percent was added to the oxygen readings reported by Ohio Edison instrumentation because the utility 
stated tbat the observed readiigs were about 0.5 percent low. 

# Values reported on a wet flue gas basis. 
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TABLE 2-5. ACTUAL OPERATING CONDITIONS FOR THE SNOX 
PROCESS DURING SAMPLING 

Standard Deviation 

Gls Temaraturc. Baehousc Inlet. F_ 
July 18 388 
July 19 387 
July 21 385 
July 22 387 
July 23 390 
July 24 3% 
$3~ Temocraturc. SO, Reactor inlet. e 
July 18 780 
July 19 788 
July 21 7% 
July 22 788 
July 23 788 
July 24 788 
iha Temantun. WSA Condenser u 
July la 506 
July 19 504 
July 21 505 
July 22 504 
July 23 505 
July 24 504 
Gu Tarmcnrturc. WSA Condenser Outkt F 
July la 1% 
July 19 197 
July 21 195 
July 22 195 
July 23 195 
July 24 198 

July 18 16.7 
July 19 16.3 
July 21 14.9 
July 22 14.4 
July 23 14.5 
July 24 14.0 

July 18 2m 
July 19 200 
July 21 210 
July 22 210 
July 23 230 
Jutv 24 200 

383-395 4.3 
381-390 2.9 
383-388 1.8 
385-389 1.0 
384-398 3.8 
382-391 3.1 

787-790 0.9 
786789 0.9 
7a&790 1.2 
78&790 1.0 
786790 1.1 
786790 0.9 

5o4-soa 1.2 
503-506 0.7 
504-507 0.9 
sol-505 1.1 
501-507 1.6 
sm-505 0.5 

191-199 2.3 
193-203 2.8 
188-198 2.8 
191-198 1.9 
193-199 1.8 
193-206 3.1 

15.4-17.7 
14.8-17.7 
14.3-15.4 
12.4-16.3 
14.014.9 
13.2-14.8 
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TABLE 2-5. (Continued) 

Date AWXge Range Standard Deviation 

NO. at SNOX Inlet. mm 

July 18 726 687-753 21 

July 19 707 679-728 14 

July 21 671 650-702 15 

July 22 692 671-727 17 

July 23 679 665-696 8 

July 24 684 651-716 18 

NO. at SNOX Outlet. mm 

luly 18 45 39-56 5.5 

July 19 60 3943 1.1 

July 21 49 43-m 5.3 

July 22 56 41-68 8.3 

July 23 49 42-57 4.6 

July 24 55 43-71 8.0 

SO, .t SNOX Ida. mm 

July 18 2039 1959-2138 53 

July 19 20% 1955-2208 69 

July 21 2102 1915-2408 130 

July 22 1936 1885-1998 26 

July 23 2071 1943-2156 59 

July 24 2061 1969-2174 64 

$0. at SNOX Outld. mm 

July 18 81 7492 4.3 

July 19 83 n-93 4.4 

July 21 78 67-96 8.4 

July 22 67 59-74 3.9 

July 23 76 71-83 3.6 

July 24 68 56-79 6.0 
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TABLE 2-6. REMOVAL EFFICIENCY OF THE SNOX PROCESS FOR NO, AND SO* 
DURING SAMPLING AND FRACTION OF BOILER FLUE GAS 
TREATED BY THE SNOX PROCESS 

Average Removal Efficiency (Percent) Boiler Flue Gas 
Treated by SNOX 

NO, so* (Percent) 

July 18 93 95.6 28.3 
July 19 88 94.8 28.1 
July 21 91 95.5 28.1 
July 22 89 95.2 28.6 
July 23 92 95.1 30.7 
July 24 85 94.0 29.6 
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TABLE 2-8. BAROMETRIC PRESSURE AT THE SNOX SITE 

Kilo Pascal Inches Hg 

Date Average SD Average SD 

July 18 9.857x1@ 400 29.22 0.12 
July 19 9.820~10’ 510 29.11 0.15 
July 21 9.830x10’ 440 29.14 0.13 
July 22 9.837x10’ 440 29.16 0.13 
July 23 9.847~10 440 29.19 0.13 
Julv 24 9.847xlV 440 29.19 0.13 

SD = Standard deviation. 

Average is the average of readings made once at three sampling locations. 
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During sampling at the SNOX process, one serious problem occurred, having to do 

with one of the coal feeders on Boiler No. 2. After completion of all sampling on July 19, 

one of the coal feeders failed. Ohio Edison (OE) staff worked to fix the feeder and brought 

it back on line on the morning of July 20, but it failed again immediately. After consultation 

with OE staff and with the DOE on-site representative, the decision was made to cancel 

sampling for the day, allow OE staff to undertake proper repairs, and begin again the next 

day. Repairs of the feeder took until about mid-day on July 21, at which time normal 

operation of the plant resumed. The start of sampling on July 21 was delayed until about 

1300 h to be sure of proper feeder operation. 

In addition to the failure of the feeder on July 19-20, several small interruptions in 

sampling occurred due to breakage of shear pins on the feeders of Boiler No. 2. Since loss 

of a feeder due to a broken shear pin affects plant load and operating conditions, sampling 

was stopped when a sheared pin occurred and was resumed once plant conditions were 

restabilixed; i.e., about 5 minutes after the pin was replaced and the feeder brought back on 

line. Such interruptions were of little real consequence since they typically lasted no more 

than 10 minutes. Table 3-2summarixes the shear pin occurrences during sampling at the 

SNOX. 

3.2.1 m and Numbers of &r&s 

The primary kinds of chemicals measured in various flue gas, solid, and liquid 

samples from the SNOX process are summarlzed in Table 3-3. The chemicals measured are 

shown, along with indications of the sample matrices from which samples were collected. 

More detail on the sampling and analysis conducted is given in Table 3-4, which shows the 

constituents measured in samples from the SNOX field effort. In Table 3-4, flue gas 

locations are distinguished from solid and liquid sampling locations. All locations am 

numbered as indicated in Figure 2-l and Table 2-l. 
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The methods used to collect samples from flue gas streams at the SNOX are 

summarixed in Table 3-5. The sampling methods are described in detail in the QAPP. Size- 

fractionated particle samples were collected in the Multi-Metals trains. Because of the 

requirement for both horizontal and vertical sampling at some locations, in-stack cyclones 

were not used. Glass cyclones with particle diameter cut points of 10 pm and 5 pm were 

fabricated for this project and were used ahead of the filter in each of these sampling trams 

at Location 18. 

The ducts were not traversed while sampling for anions for two reasons. First, at 

Locations 18 and 19 only two ports were available for sampling, and the requirements for 

collecting five types of samples did not allow two trains to be traversing the duct in a single 

day. Second, the extremely small area available for working at Locations 18, 19, and 21 

made traversing with two sampling trams simultaneously very difficult. Therefore the site- 

specific sampling plan called for single-point, isokinetic sampling to be conducted for anions. 

The daily sampling schedule on both organic and inorganic days was essentially the 

same at all flue gas locations. Thus the numbers of samples collected at each site was 

nominally the same. The actual numbers of sample runs of various types performed at the 

SNOX flue gas locations are shown in Table 3-6. Those occurrences and the resulting 

deviations are described later in this report. 

Table 3-7 shows the number of sample collections made each day at the solid and 

liquid sampling locations. Only a single sample is shown each day for boiler feed coal, 

representing the daily composite sample provided by Niles staff. Those daily composites in 

turn were comprised of from 17 to 22 individual portions collected from each of the four 

feeders every half hour during the sampling day. 

w.1 Flue Gas Samoh. Flue gas sampling at the SNOX was nearly identical at 

the four flue gas locations. The primary exception is that particle size distributions were 

determined by cascade impactor at the baghouse inlet and outlet (Locations 18 and 19) but 

not at the other locations. Also, as agreed with DOE, the sampling duration for the Multi- 

Metals tram (Method 29) was extended from 6 hours tb 8 hours at Locations 19, 20, and 21, 

to counteract the low particulate concentrations expected at these locations downstream of the 

baghouse. As Table 3-4 indicates SVOC, elements, and anions were determined in both gas 
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and particulate phases in the flue gas streams. For SVOC and elements, the vapor/particle 

phase distribution was determined. Ammonia and cyanide were measured in the vapor phase 

only. The particulate filter used with the ammonia and cyanide trains was used for 

radionuclide and elemental carbon analyses. That filter was used in isokinetic sampling at a 

single point in the duct using a short sampling probe. As a result, the particulate sample 

obtained may not be completely representative of the particulate matter at all points in the 

cross section of the duct. Data sheets from sampling and data reduction calculations are 

provided in Appendix D. 

3.2.1.2 Solid and Liauid Samoles. The solid and liquid sample collection at the 

SNOX process (Table 3-4) was accomplished as follows. Ohio Edison personnel collected 

samples of feed coal (Location 1) every half hour from each of the four coal feeders on 

Boiler No. 2, throughout the period of sampling on every sampling day. Ohio Edison staff 

composited those multiple daily samples on-site to a single daily 3 kg coal sample. Sulfuric 

acid (Location 22) was collected once each sampling day by ABB personnel, and a single 

sample of SOr catalyst waste (Location 23) was provided for the study by ABB personnel. 

Battelle staff collected samples of baghouse ash three times each day from each of the three 

hoppers on one side (i.e., one half) of the baghouse. Baghouse collections were made just 

before the automated dump times of the hopper, to assure that the hoppers were full at the 

time of collection. 

. . 
3.2.2 ComopSLfU1~ Rocedrums 

Solid samples were. obtained at the SNOX in multiple collections during each 

sampling day, as described above. The purpose of this approach was to obtain samples 

representative of the range of plant operating conditions that occurred during each sampling 

day. The multiple samples collected at each solid sampling location on each day were then 

cornposited into a single daily sample. Portions of the resulting daily composite samples 

were then distributed to the various analytical laboratories as needed. 

The solid samples from SNOX that underwent sample compositing were boiler feed 

coal (Location l), and baghouse ash (Location 24). The boiier feed coal samples were 
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collected and wmposited on-site by Ohio Edison staff, as described above. The daily feed 

coal sample was put into two bags, which were then sealed. Commercial Testing and 

Engineering Company (CTE) of Conneaut, Ohio, took portions of feed coal from both bags 

for each day to create samples for analysis. Compositing of baghouse ash samples was done 

by CITE. CTE also broke the composite samples down into portions for the various 

analytical laboratories. Baghouse ash samples were wmposited by taking equal quantities of 

each sample collection over the course of each day. 

Battelle prepared a set of instructions, in the form of tables, for the cornpositing and 

apportioning of the samples. These instructions are shown in Table 3-8. Each page of 

Table 3-8 addresses a different type of solid sample, beginning with the boiler feed coal, 

then baghouse ash. Shown in these tables are the sample identification, dates, and sample 

apportioning procedures. 

During the wmpositing the system for identifying the samples was altered, and a 

composite sample ID was established. Those composite ID’s are shown in Table 3-9. The 

date was kept, although in a slightly different format; however, the sampling site number 

was replaced with a term descriptive of the source of the sample. Examples of the two sets 

of ID’s are shown in Table 3-9. 

Solid samples taken on organic days were analyxed for SVOC. Thus only two 

portion were made from the samples on these days - one for the SVOC analysis and the 

other for an archive. On the inorganic days several portions were made from the 

composites. Analyses for metals were required for the samples taken from both of the 

sampling sites. These analyses were performed by CTE at its laboratory in Denver 

(Cl%-Denver). Analyses covering ultimate/proximate, moisture, heat, carbon, sulfur, and 

particle sixe were performed by the Conneaut laboratory of CTJJ. Analyses for chlorine, 

fluorine, phosphates, and sulfates were performed by Battelle’s Columbus Operations (BCO). 

The International Technology (IT) Corporation ran the radiological @AD) analysis of the 

samples for gamma-emitting isotopes. Sample portions analyzed by each of these 

laboratories are indicated in Table 3-8. 
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3.2.3 Numbers of Analvseq 

The number and type of analyses conducted on the collected gas, solid, and liquid 

samples are listed in Table 3-10 according to sample location and sampling method. The 

number of samples collected is provided for reference and discrepancies between number of 

samples wllected and number of samples analysed are noted as appropriate. 

3.2.4 -Iems and Deviations in Sam&g 

Some problems occurred at the SNOX that made the field sampling more difficult, 

but in only a few cases did significant deviations from the sampling plan occur. The first 

problem at the SNOX process was the difficulty in conducting isokinetic traverse sampling at 

Location 20, the SCR outlet. At this location, the ports arranged horizontally across the duct 

were all originally fitted with valves of nominal 5-cm (2-inch) inner diameter. Chester 

Environmental staff had prepared small-diameter sampling probes suitable for such a small 

port sixe prior to arrival at the plant. However, in setting up the sampling equipment on July 

17, it was found that the actual inner diameter of the valve opening was closer to 1.5 inches. 

The small-diameter probes could be inserted into the ports with reasonable effort, but could 

only be. withdrawn with great difficulty once the probe sheath had expanded due to the 

elevated temperature in the duct. Sampling was begun on July 18 with the original valves in 

place, but proved so difficult and time-consuming that completion of the daily schedule was 

jeopardii, and several glass sampling noaxles were broken. It became apparent that 

sampling with the existing valves in place was simply not feasible. As a result, four 7.6-cm 

(3-inch) full-port valvti were borrowed from plant personnel and installed at Location 20. 

With these valves in place, probe traversing at Location 20 could be done in a normal 

manner. Specific deviations from the sampling plan that occurred as a result of the initial 

port problems at Location 20 am noted below. 

A second problem occurred at Location 20 on July 19. It was found that the 

particulate Nter used on the Multi-Metals train (Method 29) at Location 20 would clog up 

completely atIer only about 1 hour of sampling. Since this location is downstream of the 

SNOX baghouse, clogging by particulate was not expected, and indeed the filters appeared 
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(1) 

(2) 

(3) 

(4) 

clean when removed from the train. However, closer inspection revealed that the filters 

were covered with a fine white crystalline material. Consultation with ABB staff revealed 

that excess ammonia, above an ammonia/NO, stoichiometry of 1.0, was being added to the 

SCR inlet of the SNOX process. Apparently, the excess ammonia was sufficient to cause 

formation of ammonium sultite and/or sulfate salts at the conditions in the duct, and deposits 

of those materials were rapidly clogging the filters. When ABB staff reduced the ammonia 

addition to the minimum required, the filter clogging stopped and did not recur. The time 

spent diagnosing and dealing with the problem delayed completion of sampling at Location 

20, but resulting deviations from the sampling plan were minor, as noted below. 

The deviations from the sampling plan that resulted from the problems noted above 

and from delays noted in Section 3.1.3 are as follows: 

Due to the port problems at Location 20, that delayed sampling at Location 20 

and required extra attention from Chester Environmental staff, the aldehyde 

samples from Locations 20 and 21 were not run as planneo’ on July 18. Those 

samples were made up on July 23 at both locations. 

As a result of the severe filter clogging problems on July 19 at Location 20, 

completion of the Multi-Metals train and other sampling at that location was 

delayed. With wncurrence from DOE’s on-site representative, Battelle’s Field 

Sampling Manager shortened the multi-metals run to 6 hours from the planned 

8 hours in order to keep the sampling day to a reasonable length. 

No sampling was conducted at the SNOX on July 20 due to the coal feeder 

problem noted above. 

Due to the low particulate loadings present at the baghouse outlet (Location 

19) the cascade impactor taken on July 19 showed no visible particulate 

deposits on any impaction stage. Discussions among Battelle and Chester staff 

and the DOE on-site representative led to the decision to resample at Location 
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19 using the same stages on successive days. This approach was implemented 

on July 21-24. 

(5) Flue gas oxygen readings at the furnace outlet were sometimes lower than the 

nominal acceptable range of 1.8-3.0 percent (see Table 2-3). Discussions with 

Niies control room staff indicated the plant was operating entirely normally 

and the percent oxygen readings were acceptable. As a result, the Oz levels 

were noted but no change was made in sampling or plant operating conditions. 

Near the end of the field periods at Niles, Ohio Edison staff reported that 

recalibration of the Boiler No. 2 outlet Oz sensor showed that it had been 

reading about 0.5 percent low. (This correction is made in Table 2-4.) This 

observation at least partly reconciles the expected and observed Or levels. 

Another deviation from the sampling plan occurred at Locations 18 and 19. No 

filters were wllected as part of the Method 29 train blanks for these locations. This was an 

oversight that was not discovered until after the field study. In Section 5 no results are 

reported for train blanks for these two locations. The train blank at Location 21 was used to 

correct sample data at all four flue gas locations. 

3.3 Mass Flows 

Mass flows of particulate matter, ash, and sultirr are presented in this section of the 

report. Material balances for ash and sulfur are. also presented. Mass flows in major 

streams are presented in Table 3-l 1 for the three inorganic sampling days. Table 3-12 

contains the results for the three organic sampling days. 

Balanca 

Using data from the emissions tests on the SNOX system, material balances for ash 

were performed on the baghouse. Because the data on particulate mass loading at Locations 

20 and 21 are believed to reflect artifact ammonia/sulfur compounds and acid mist, 
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respectively, these data were not used to calculate ash balances. Consequently, material 

balances for ash were calculated only for the SNOX baghouse. Separate material balances 

were calculated for each test run, and the average of the three runs was calculated. 

3.3.1.1 kumotior&. In performing these calculations, the following assumptions 

were made: 

General: 

. It was assumed that the coal fired during each day of the test was of uniform 

composition. 

. It was assumed that the boiler was operating at constant conditions. This 

assumption is supported by the plant process data which verify that the plant 

operated at as nearly wnstant conditions as practical. 

. It was assumed that samples wllected at any time were representative of the 

process streams at all times. Thus, only one metals/particulak sample was 

collected each test day, and these. samples were assumed to be representative 

of conditions throughout the day. Considering the fact that some samples 

required 8-hour sampling periods and others required only a few minutes to 

collect sufficient matter for analysis, this assumption was necessary. 

SNOX System: 

. The SNOX process system provides no practical means for measuring the flow 

of material exiting the baghouse as collected ash. Knowing that the material 

flow into and out of the baghouse must be in balance, it was assumed that the 

total flow rate of the material from the baghouse. hoppers was equal to the 

difference between (1) the particulate entering the baghouse with the flue gas 

and (2) the particulate exiting the baghouse with the flue gas. 
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. The SNOX process system provides no practical means for measuring the rate 

at which acid is produced in the SO2 condenser. Knowing that the sulfur flow 

into and out of the SNOX system must be in balance, the rate of acid 

production was estimated by performing a sulfur balance on the SNOX system 

and by adjusting the calculated value for the concentration of acid based on 

ABB experience. 

. Several of the flue gas sampling locations were less than ideal, e.g., the 

sampling location was less than one stack diameter downstream of a 90“ Turn 

in the gas flow path. Probably as a result of this, the flow rates at Locations 

18, 19, 20, and 21 did not agree. Thus, for ash mass balances, it was 

assumed that the flow rate at the most ideal sampling location (Location 18) 

was wrrect and flow rates at the other locations were estimated by considering 

the excess O2 level and, in the case of Location 21, flue gas generated by the 

second support burner. 

. The SNOX process system produces a small quantity of SCR reactor waste 

that is removed during reactor cleaning, about once each year. Based on ABB 

experience, the rate of generation of this waste is about 0.25 lb&r. Although 

a sample of this waste was collected and analyzed, it was not included in the 

mass balance calculations because, to properly account for it, one would also 

have to account for the SCR reactor material installed in and removed from 

the reactor during periodic (maybe every few years) catalyst changes. In any 

case, the low rate at which this material is produced would have resulted in it 

having no impact on the mass balance calculations. 

Ash Material Bm Calcu.b&t& Tables 3-13 through 3-15 show the 

material balance calculations for the three inorganic test days. The wmments column for 

each table gives details regarding the calculations. 

Tables 3-13a and 3-13b show the particulate emissions calculations. While making 

the calculations reported in this section it was noted that the flow rates for the various 
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sampling points on the SNOX system were not in agreement. This was attributed to the 

poor sampling conditions at Locations 19, 20, and 21; the flow measurements at those 

locations are suspect. Thus, the particulate emissions calculations were done in two ways, 

first with the measured flow rates (Table 3-13a) and then with adjusted flow rates (Table 3- 

13b). The adjustments were made by assuming that the flow rates measured at Location 18 

were most likely to be correct (this Location had the best sampling conditions), and 

calculating flow at Locations 19, 20, and 21 based on the oxygen values measured at those 

locations and, in the case of Location 21, including the effect of the auxilary burner located 

between Location 20 and Location 21. Results calculated in Table 3-13b were used as input 

to the overall ash mass balance calculation shown in Table 3-15. The adjusted flow rates 

were also used for all metals mass balances and emission factor calculations. 

Table 3-14 shows the calculations used to determine the acid production rate for the 

SNOx system. Table 3-15 shows the mass balance calculations for ash for the three metals 

test runs. As mentioned earlier, calculations are only shown for the mass balance across the 

baghouse. The generation rate of baghouse catch obtained from the ash mass balance 

calculations shown in this table served as input for the metal mass balance calculations 

shown in Table 6-l. 

3.3.1.3 Ash Material Balance Results. Table 3-16 shows the material balance 

results for ash. The nature of the assumptions that were made in performing the ash balance 

calculations (i.e., perfect closure for particulate mass) essentially forced the ash balances to 

show near perfect closure for the baghouse, as can be seen from the calculations reported in 

Table 3-15: These. assumptions were necessary because it was not possible to measure the 

baghouse catch mass flow rate, and the mass flow rate- was calculated by differences between 

the mass flow rates that were measured. Thus, the near perfect closure for the ash material 

balances does not wnfrrm the quality of the emissions tests. 

Note in Table 3-15 that the fraction of carbon in the samples of particulate matter 

(lines 7, 11, and 15) was subtracted from particulate levels (lines 8, 12, and 16) to determine 

the ash levels. The average level of carbon in the particulate matter is reported in Section 

5.8 as 3.0 percent for particulate matter in flue gas entering the SNOX baghouse at Location 

18, 0.03 percent for particulate matter in the flue gas exiting the baghouse (Location 19), 
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and 8.1 percent in the baghouse catch (Location 24). These results are believed to be 

accurate for the collected samples. The difference between the carbon content of the 

Location 18 and Location 24 samples may be attributable to poor sampling conditions for 

large particles in the horizontal duct before the baghouse. Large particles with relatively 

high carbon content may have been concentrated near the bottom of the duct due to 

sedimentation and been caught by the baghouse but not sampled representatively in the flue 

gas. This situation was more severe the following week when Battelle sampled the boiler 

effluent with the SNOX process shut down (see Battelle’s report on “A Study of Toxic 

Emissions from a Coal-Fired Power Plant--Niles Station Boiler No. 2”). For that study, the 

carbon content of particulate matter entering the electrostatic precipitator (ESP) was 4.3 

percent; the flue gas exiting the ESP had an average carbon wntent of 0.1 percent; and the 

ESP catch in hopper rows 1, 2, 3, and 5 had a carbon wntent of 79, 15, 5.9 and 1.9 

percent, respectively. In that study, a layer of ash was observed resting on the bottom of the 

duct at the ESP inlet. To the extent that particles in the flue gas entering the baghouse were 

similarly not collected representatively because of sedimentation, the bias in the carbon 

content may have affected the ash material balance. 

$3.2 Sulfur Material Balances 

Using the data produced by the emissions tests on the SNOX system, sulfur material 

balances were performed on the overall SNOX system. Separate material balances were 

calculated for each test run, and the average of the three runs was calculated. 

3.3.2.1. The assumptions necessary for making the sulfur material 

balances were. identical to those required for the ash material balances (Section 3.3.1). 

3.3.2.2 Sulfur Material Balance Calculm. Table 3-17 shows the material 

balance calculations for sultitr for the three days on which sampling was conducted for 

inorganic substances. The wmments wlumn for each table gives details regarding the 

calculations. 
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3.3.2.36. Table 3-18 shows the material balance 

results for sulfur. The nature of the assumptions that were made in performing the sulfur 

balance calculations essentially forced the sulfur balance to show near perfect closure for the 

SNOX system, as can be seen from the calculations reported in Table 3-17. These 

assumptions were necessary because it was not possible to measure the production rate of 

acid, and the acid production rate was calculated by differences between the SO2 flow rates 

in and out of the SNOx system. However, the calculated acid production rate was consistent 

with plant experience of about 1,800 lb/hr. Thus, although the near perfect closure for 

sulfur mass balances does not say anything regarding the quality of the emissions tests, the 

agreement of the calculated acid production rate and plant experience is encouraging. 
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TABLE 3-l. OVERALL SCHEDULE OF ACTIVITIES 

Date Activitv 

July 15, 1993 Personnel and equipment arrived at site, initial 
meeting and check-in 

July 1617 Equipment set up at SNOX locations; field site 
preparations 

July 18-19 Sampling at SNOX 

July 20 Down day due to failure of coal feeder 

July 21-24 Completion of sampling at SNOX 

TABLE 3-2. SUMMARY OF COAL FEEDER SHEAR 
PIN INTERRUPTIONS 

Shear Pin Out Times 

Date Feeder No. Start stop 

7118193 2 0950 0957 
1300 1305 
1334 1337 
1407 1420 

7119193 2 0740 0744 

7124193 4 0700 0705 
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TABLE 3-3. SUBSTANCES MEASURED IN SAMPLES 

Oceanic Chemicak 
Semivolatile Organic Compounds (SVOC) 

Polynuclear Aromatic Hydrocarbons (PAHs) 

Other SVOC 

Volatile Organic Compounds 

Aldehydes 

Inomanic Substances 
Trace elements (vapor phase) 
Trace elements 

Major elements 
Anions 

Other substances 
Elemental carbon 

Radionuclides (solid phase) 

19 compounds (flue gas and solid 
samples) 
11 compounds (flue gas and solid 
samples) 
41 compounds (flue gas samples by 
canister) 
36 compounds (flue gas samples by 
VOST) 
4 compounds (flue gas samples) 

As, Se, Hg (flue gas samples) 
As, Se, Hg, Cd, Cr, MO, B, Sb, Ba, 
Be, Pb, Mn, Ni, V, Cu, Co (all 
samples) 
Al, K, Ti, Si, Na (ail samples) 
C1-, F, PO,‘, SO,- (flue gas, solid 
and liquid samples) 
NHS, CN- (flue gas samples) 
(flue gas, boiler feed coal, and 
baghouse ash samples) 
um, uB5, Thm, Thm, Thw RaZ6, 
Ran*, Pbz”‘, Pb*“, Pb*‘* (flue’gas, 
boiler feed coal, and baghouse ash 
=mPlW 
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TABLE 3-4. IDENTIFICATION OF SUBSTANCES MEASURED 
IN PROCESS STREAMS 

Sampling Location 

I Solid/Liquid I 

Substance 1 

?AH/svoc 

JOC 

41dehydes 

Zlements 
Vapor 
Solid/Liquid 

tinions 
Vapor 
Solid/Liquid 

4mmonia 

?article Size 

22 23 24 18 

. . 

. 

. 

. 
. . . . 

. 
. . . 

. . . . . 
3 

. . . 

19 

. 

. 

. 

. 

. 

. 

. 

20 21 

. . 

. . 

. . 

~7 
. . 
. . 

. . 

. . 

. . . . 
$ 
. . . . 

+ 
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TABLE 3-5. FLUE GAS SAMPLING METHODS 

Substance Sampling Method” 

svoc 

voc 

Aldehydes 

Elements 

Anions 

Ammonia 

Cyanide 

Carbon 

Radionuclides 

Particle Mass 

Particle Size Distribution 

Modified Method 5 (Method 23)(i,t) 

Summa Canister from Modified Method 5 Train 
Volatile Organic Sampling Train (VOST) 

TO-5, Impingers 

Multi-Metals Train (Method 29) for Vapor and 
Particulate (i,t) 
HEST Carbon-impregnated Filter for Vapor Only 

Method 26A (Modified) (i) 

APHA 401 - Impinger (i) 

API-IA 808 - Impinger (i) 

Filter on Ammonia and Cyanide Trains (i) 

Filter on Ammonia and Cyanide Trains (i) 

Cyclones and Filter on Multi-Metals Trains (i,t) 

Cascade Impactors (i) (Locations 18, 19 only) 

(a) Characteristics of methods indicated in parentheses: i = isokinetic, t = traversing. 
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TABLE 3-6. NUMRER OF SAMPLING RUNS AT FLUE 
GAS SAMPLING LOCATIONS 

Location 

Run Type 

Organic 
Modified Method 5 (SVOC) 
CanisterP (VOC) 
VOSP (VOC) 
TO-5 (aldehydes) 

18 19 20 21 

3 3 3 3 
9 9 A 9 
9 9 9 
3 3 3 3 

Inorganic 
Multi-Metals Train 3 3 3 3 
HEST Sampler 3 3 3 3 
Method 26A (anions) 3 3 3 3 
API-IA 401 (ammonia) 3 3 3 3 
API-IA 808 (cyanide) 3 3 3 3 
NH&N Filter (carbon) 3 3 3 3 
NH&N- Filter (radionuclides) 3 3 3 3 

Impactors (particle size 
distribution) 

3 1”’ 

(a) Each canister run used three canisters; each VOST run used three sets of VOST 
cartridges. 

(b) Includes VOST audit run on July 20, 1993. 
(c) Same impactor stages run repeatedly to obtain sufficient sample. 
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TABLE 3-7. NUMBER OF SAMPLES COLLECTED FROM SOLID AND 
LIQUID PROCESS STREAMS 

Date 

Location # 7118193 7119193 7121193 7122193 7123193 7124193 

1 Boiler Feed Coal 1 1 1 1 1 1 

24 Baghouse Ash 3 3 3 3 3 3 

22 Sulfuric Acid 1 1 1 1 1 1 

23 SO, Catalvst Waste 0 0 0 0 1 0 
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TABLE 3-8. SAMPLE COMPOSITING AND SPLITHNG SCHEDULE (BY DAY) 

BOILER FEED COAL. 
1 Bm 1 1 Samde 1 Commsidm I I h%idmnm I Amhzim 

sample u Number Matrix Die Composite ID Splitr split wt. L83homtoq 
N-I-PBS-,, 8 I BOFRBD I”, 18, 1993 Equal .mo”“U from JL1893BOFTio Adlive BCO 

ush “mpk 

2 ORG 

N-I-PBS-719 1 BOFBaD ,“l 19, 1993 aad .mou* frou, JL1993BOFN.I Meuls 20 P w 
eih mlplc 

2 INORG LnTIIpRox. 2cXIn IcrB I 

MOIST.BBAT 

cLwFo4 I20* IBCO II 

F 
I I I I l- p3oop Irr 

1FJC.B as CrB-oenver 
I I I I I I Archiva I ko 

ttWpnSJ2l i iBOFRR&d 21. 1993/R& #,,&-, horn iN193ROFRD i,hii. 
I I--- 

1 I lBC0 II 

I I e&7 V.-r& I I I 1 
I 2 IORG I I 

Acronvms and Abbreviations used in Table 3-8; 
Archive - remainder of spmple alter conqktiog and aliquotting have bea done; B - aualysin for boron; 
BAGHOUSE or BAGH - aample of ash from beghouse; Be - analysis for beryllium; BOPED nnd BOPEBD - 
boiler feed coal sample; C - analysis for carbon; CuPIpO,(SO,) - analysis for chloride, fluoride, phosphate 
(and solfate); HEAT - analysis of coal for Btib; INORG - inorganic sampling day; JL - July; Met& - 
aoalysea for mjor and trace elements; MOIST - moisture analysis; ORG - organic sampling day; Pa&lo Sin 

Distribution - analysis of sample for particle size distribution; PRS - process solid ample; RAD - radiological 
analysis by gpmmp scan; SVOC - analysis for semivolatile organic compounds, ULTUPROX - 
oltimaWproximate analysis. 
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TABLE 3-8. (Continued) 

3-22 



TABLE 3-9. EXAMPLES OF SAMPLk AND COMPOSriz ID’S 

Description of Sample Example of Sample ID Composite ID Made Up Of 
The Corresponding Samples 

Boiler Feed Coal 

Baghouse Ash 

N-l-PRS-719 

N-24-PRS-719 

JL 19 93 BOFED 

JL 19 93 BAGH 
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TABLE 3-11. MAJOR STREAM FLOWS FOR INORGANIC DAYS 

stream 
CoalFeed 

Fraction of Flue Gas to SNOX” 

Flue Gas 
Baghouse l.d& 
Baghouse Outlet’* 
SCR Outlet” 
Condenser OutI& 

Particulate Matter@~ 
Baghouse Inlet 

Baghouse outlet 

SCR OotL@ 

findeaser OoUet” 

Baghouse catchy 

Acid Productions 

UIlitS July 19 July 22 July 24 

lb&r 91,700 92,200 90,6CUI 
W- 41,600 41.800 41,100 

percent 28.2 28.7 29.6 

NdlUtiO 1.801 1,767 1,748 
Nm’lmio 1,801 1,818 1,898 
NdllOiO 2,004 2,047 2,077 
Nm3hin 2,099 2,142 2,489 

Ibh 492 459 523 
k& 223 208 237 

lb/h 0.6 1.4 9.3 
k@ 0.3 0.63 4.2 

NB NR NR 

lb/h 13.9 7.7 13.~1 
kgh 6.3 3.5 5.9 

lb/lx 491 4.51 514 
kD 223 207 233 

lbilu 2,210 2,021 2,118 
kgh 1,002 917 961 

w 
(b) 
c-3 
(4 
(e) 
(0 
b) 
(h) 

Calculated from flue gas gmerated by coal combustion and floe gas flow rate measured at Location 18. 

At stack oxygen level. 

Calcthted from floe. gas flow rate. at hticm 18 and oxygen levels at the specific location. 

Based upon calculated flue gas flow and measured particulate loading. 

Not reported baxose measured particulate mass loadings are believed to bc artifacts (see Table 2-2). 

These values may be indicative of sulfuic acid mist (see Table 2-2). 

By differma in paticle mass flow across the baghouse. 

t3khted from decrmse in SO, across the SNOX system. 
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TABLE 3-12. MAJOR STREAM EOWS FOR ORGANIC DAYS 

stream Unit6 July 18 July 21 July 23 

CoplFd Ibk 93,200 91,cGa 90,800 
kgh 42,300 41,300 41.200 

Fraction of Flue Gas to SNOXW peat 28.3 28.7 30.7 

Flue Gas 
Baghouse Inlet” NtUVti 1,950 1,986 1,926 
Baghow outlet”’ Nm’lmin 1,902 1,831 1,913 
SCR Outlet”’ Nm%nin 2.047 2,095 2,301 
Condenser Outlet’* Nm31min 2.013 2.266 2.113 

(6) Calculated from flue gas gmemtedby coal combustion and flue gas flow rate measured at Location 18. 

C-9 At stack oxygen level. 

(4 Calculated from flue gas flow rate at Location 18 and oxygen levels at the specific location. 
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TABLE 3-16. ASH MATERIAL BALANCE RESULTS (percent)“’ 

7119193 7122193 7124193 AbWZWe 

B@XlSe 93.8 95.3 95.3 94.8 

(a) Output a.3 compared to input. 
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TABLE 3-18. SULFUR MATERIAL BALANCE RESULTS @red) 

7119193 7122193 7124193 AVEX&?? 

SNOX Svstem loo.7 100.8 101.6 101.3 
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4.0 SAMPLE ANALYSIS 

4.1 Analvtical Method2 

A summary of the sample preparation procedures and analytical techniques used to 

analyze the gas, solid, and liquid samples collected on this project are listed in Table 4-1 

along with the identity of the laboratory conducting the analyses. Specific details of the 

analytical procedures are provided in the Analytical Plan prepared for this project.* Any 

deviations from the analytical procedures cited in the Analytical Plan are described in 

Appendix F, and QA/QC data associated with the analyses are summarized in Appendix E. 

Requirements for the preservation and storage of samples after collection are detailed in 

Table C-2, Appendix C. 

‘Niles-SNOX Analytical Plan, DOE Contract DE-AC22-93PC93251, July 16, 1993. 
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5.0 ANALYTICAL RESULTS 

Analytical results are presented in Section 5. Analytical data were reduced according 

to specifications established by DOE. These specifications are reproduced exactly below 

(with Battelle interpretation in italics): 

“TREATMENT OF NON-DETECTS, VALUES OUTSIDE 
OF THE CALIBRATION RANGE AND BLANKS 

Treatment of non-detects (analyticaJ results for which the concentration of the 
species of interest is below the detectron limit of the method) and blank values 
is of critical importance in this program because detection levels and blank 
concentrahons are often on the same order of magnitude as sample values. 
When the results are then used for nsk assessments or policy decisions, 
treatment of the data becomes important. This drscussion describes how blank 
gstdur-detect values are to be treated m presenhng/developmg reported 

Non-Detects 

The discussion presented below explains how averages, sums, and re rted 
emission values are to be calculated for all species given various corn matrons T 
of detected and non-detected values. 

All values detected. The arithmetic average or sum is taken, as 
appropriate. No special techniques required. 

All values below the detection limit. For individual test runs or 
species, the data are to be reported as “ND < (detection limit).” For 
cases where all three runs (or mulriple species are below the detection 
limit, the average IS re 
detechon limit of the t R” 

rted as non-detected i 
ree runs (species). 

ess than the average 

Some values are detected and some are non-detects. As an 
approximation, half of the detection limit for nondetect values and the 
actual value for detects will be used to determine reported values. As 
an example of averaging, an aver-a e for three test runs with results of 
10, 8, and ND < 6 would be 7. w s an example for summing 

i 
such as 

for mercury fractions), individual species values of 50, ND < and 
ND < 2 would. be summed to provide a value of 50 +,,.5 + .I or 
5 1.5. In reporting these types of sums or averages no 
used. The only exce 

< I’ sign is 

snm 
b. 

is less than the 1. 
tion to this rule occurs when the average (or 

In t 
tghest detectjon limit of the non-detected values. 

IS case, the,averages or sums 1s reported as “ND < (the hr 
detection limit 

& < 4.” 
For example, 5, ND < 4 and ND < 3 woul % 

hest 
be 

reported as 

This approach is also used to obtain test t&n totals which r uired 
analyses of se 

tar 
arate fractions for each mdrvtduat run. 

volatile, 
Spec%ally, the 

me s, and anion test train totals for each run are obtained by 
addition of test train fractions which were analyzed separately. 

Fractions from the volatile test train included separate analyses of the 
tenax and tenax/charcoal tubes for each sample period. Separate 
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analyses were conducted on the filterable and gaseous test train 
components for both the metals and anion test trains. 

Detection limit ratio. These methods of treating the data may result in 
some, loss of information in going from raw data to final values. 
Spec1ticall 
that is attn it 

what is often lost is the amount of a final emission value 
utable to detection limits and the amount that is attributable 

to measured vajues. In order to quantify and present this informa@oF, 
all results m thl> report are presenked alon with the “Detection Limit 
Component Ratio,” (DL Rmo) which 1s . c&ulated as the ratio of the 
contnbution of detection limit values to a final emission result. 

For example, a set of three values of 16, w < 6, and ND < 5 
should be re rted as 7 with a detection limit ratio of 26% 

$&ld. be reported as 8’ 
+2 5)/(83+2 5) ’ while a set of values of 12 ND < 6 and 9 

‘. with a detection limit ratio’of 13%. ?he 
different rahos provide hsight as to the extent something is “really 
there.” and hooefullv can helu urovide better information to those 
making decisidns on’risk and’pblicy issues. 

Values Outside the Calibration Range 

It is possible that the reported lab data will be outside the calibration range of 
the instrument. Data re orted below the lower detection will be flagged with 
a qualifier (e.g., “J”). data with the “J” flag will have been tentatively 
@e$@d and tentativeiy quantified. Data re orted above, the upper detectiqn 
limit will be flagged with a qualifier (e.g., &, ). Data with the ‘E” fla 

?I 
will 

have been positively identified and tentative1 
s 

quantified. Data with bot 
qualifiers will be estimates. Consider J and values to be 
representative when calculating avera 

uantitatively 
es. 

be weighted more or less important. s 
Neither flag shou d ? cause a value to 

he 3 and E data qualifiers should 
appear m the respective laboratory analytical report. The data qualifiers need 
not appear on the calculated data summaries. 

Blank Values 

The level and treatment of blank values is im rtant in interpreting data, since 
in some cases soecies are detected but not at evels simuficantlv higher than p” ” 
blanks. In the& cases measured values may not rep&sent emi’ssio?is, but 
rather iust limitations of the method. However. most of the test methods used 
in this-program either do no allow subtraction df blanks or are silent on how 
to treat blank values. 

When a method does not speci 
2 appropriate blank train values s 

how the sample will be blank corrected, the 
ould be subtracted. Laboratory and 

s&/reagent blanks will be analyzed and the results evaluated for identification 
of contamination. If a sample corn und is blank corrected the data will be 

If the value is b ank corrected below the detection limit it p” 
orted as “ND < (detection limit) BC.” A “C” flag indicates that 

greater than the sampled value. In no case should the 
blank corrected values be reported below the method detection limit.” 

Gas samples and train blanks were corrected for field reagent blanks, where available. 

After field reagent blank corrections, samples were corrected for train blanks. These blank 

corrections are designated in footnotes to the Section 5 tables rather than flagged with a “B” 

as indicated in the above DOE specifications. Any additional flags used to qualify the 
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analytical data are included as appropriate in the Section 5 tables with defining footnotes in 

each table where used. 

Averages were calculated for the three samples collected at a single location on each 

of the three sampling days (i.e., inorganic or organic). Specifications provided by DOE, as 

reproduced above, were used to calculate averages. A standard deviation (SD) was 

calculated for the three sampling days using a sample population (i.e., using N-l in the 

denominator). It must be noted that results from the three individual measurements shown in 

Section 5 tables were used to conduct three separate calculations of mass balances, removal 

efticiencies, and power plant emissions, in Section 6. The average result of those three 

separate calculations was then calculated. The average concentrations shown in Section 5 

were not used in such calculations. 

It should be noted that values for the DL Ratio were calculated and are shown in 

subsequent tables only when a detected value is shown for the average, not when the average 

is shown as a non-detected value. In other words, an average value which is itself labelled 

as a non-detect (i.e., ND C), whether based entirely or partially on individual non-detected 

values, is not shown with an associated DL Ratio value. This approach eliminates 

unnecessary repetition of high DL Ratio values for results which are already indicated as 

non-detected values. 

In parts of Section 5 blank values for analytes in flue gas are shown, in units of (e.g.) 

pg/Nm3. The blank results shown were calculated from blank samples using a representative 

or average sampled flue gas volume; as such they are for illustration only. Blank subtraction 

from actual samples was always done by subtracting the mass of analyte in the blank, then 

dividing by the sampled flue gas volume appropriate for each sample. 

Results are reported at standard conditions of 0°C and 760 mm Hg and dry 

conditions. 
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5.1 Elements 

5.1.1 Gas %UllDi~ 

Tables 5-1 through 5-9 show the concentrations of elements measured in flue gas 

samples for the SNOX process. Data are presented for elements in particulate matter @g/g) 

and for total element concentration (vapor plus particle phase) in aglNm3, where Nm3 

denotes normal cubic meters. Blank sample results are included in Table 5-9. 

Vapor/particle distributions of elements are discussed as a Special Topic in Section 7.1.1. 

Some filter blanks showed high levels of aluminum, potassium and sodium. This 

result is not unexpected as high blank values in filters have been documented.” 

Consequently there is concern that some filters used to collect samples may also have had 

high levels of these elements in the filters themselves. For this reason, a notation has been 

made to Tables 5-l through 5-8. This issue is discussed in Appendix F. 

Boron was not determined in the gas samples because it was required to be used to 

form a complex with excess hydrofluoric acid after microwave digestion of the samples. 

Hydrofluoric acid, although specified for use in EPA Method 29, can react with glassware or 

with the glass mixing chamber of the ICP analyzer. Therefore the excess hydrofluoric acid 

was effectively removed from the system by forming a complex with boric acid. Addition of 

boric acid negated the analysis of boron. 

Silicon was not determined in sample fractions collected by the hvo cyclones and by 

the filter. The commercial laboratory that conducted the analyses did not report data for 

silicon because the excess hydrofluoric acid used in sample preparation can interfere with 

results for silicon (see Appendix F). The silicon data reported for the flue gas samples are 

results for the front half rinse of the sampling trains (i.e., sampling probe, flexible line, 

front half filter housing) and back half of the sampling trains (i.e., back half of the iilter 

housing, empty impinger and HNO,/H,Os impingers). Therefore these data do not represent 

all silicon in the collected particulate matter. An estimate of the presence of silicon in the 

%g, Torunn; Royset, Oddvar; and Eiliv Steinnes. “Blank Values of Trace Elements 
in Aerosol Filters Determined by ICP-MS”, Atmosuheric Environment, Vol. 27A, No. 15, 
pp 2435-2439, 1993. 
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sample is better obtained by multiplying the ratio of silicon/aluminum in the coal (1.8, see 

Table 5-10) or baghouse ash (1.7, see Table 5-12) by the reported aluminum concentration in 

each sample. Because of this bias and the scatter in the results for silicon, an emission 

factor for silicon was not calculated in Section 6. 

Mercury, as expected, as found to be present predominantly in the vapor phase. The 

tables containing mercury concentrations in pg/g (Tables 5-1, 5-3, 5-5, and 5-7) show 

mercury concentrations at the baghouse inlet, baghouse outlet, and SCR reactor outlet 

(Locations 18, 19, and 20) generally less than one fig/g. Two exceptions are shown: 

baghouse outlet on July 19 (19.4 pg/g) and SCR reactor outlet on July 19 (5.23 pg/g). 

Turning first to the baghouse outlet, in this sample all mercury (above tram blanks) that was 

found in the front half of the sampling train (i.e., particulate phase) was found in the acetone 

rinse. The weight of the residue in the acetone rinse for this sample was only 0.018 g 

yielding the value of 19.4 pglg. The samples on July 22 and July 24 also had mercury 

detected in the acetone rinse, but subtraction of the blank forced these values to zero. Hence 

results are reported in Table 5-3 as less than the detection limit. The value shown for 

July 19 is considered by Battelle to be an “outlier”, and it is not used in calculating mass 

balances or removal efficiencies. Likewise the value of 5.23 fig/g for mercury at Location 

20 is also considered an outlier. 

Comments pertinent to specific sampling locations are provided below. 

5.1.1.1 Location 18 - Baehouse Inlet. To evaluate the data obtained at this location 

ahead of control systems for particulate matter, the average concentrations of the elements in 

Table 5-2 were used to calculate a total average concentration. The data for aluminum, 

silicon (estimated using the procedure described above), potassium, titanium, and sodium 

were used to calculate concentrations as the oxides Als03, SQ, GO, TQ, and Na,O. The 

average total concentration was computed to be about 1,050 mg/Nm3. When F%Os is added 

into the calculation (scaling to the other oxides from the round robin coal analyses (see 

Appendix B)) and the three percent carbon is accounted for, the sum of the oxides and 

carbon is about 1,400 mg/Nm3 or about 68 percent of the measured particulate matter. This 

calculation indicates that problems with the major elements may be significant but that they 

do account for the majority of the measured particle mass loading at Location 18. 
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5.1.1.2 Location 19 - Baghouse Outlet. The concentrations of particulate matter 

reported for the three days, from Table 2-2, is 3.0, 6.0, and 40.7 mg/Nm3. The 

corresponding concentrations of the elements in Table 5-4, with five major elements 

computed as oxides, are about 4.9, 1.4, and 13.1 mg/Nm3. With the exception of the data 

for July 19 in which the elemental data sum to more than the measured particulate mass, the 

comparison is consistent with higher particulate mass on July 24 than either July 19 or 

July 22. 

Referring to Table 5-3, the reported concentration of aluminum in fly ash of 177,000 

pg/g is not consistent (too high) with the coal analysis, aluminum content of fly ash at the 

inlet to the baghouse, or the other two days at this location. Therefore, this value was not 

used in computing the reported average in this table. 

There is significant variation in the reported data for aluminum at this location 

(relative standard deviation of nearly 100 percent). The aluminum concentration reported for 

July 24 of 1,550 pg/Nm3 was heavily influenced by the front half rinse. Subtraction of the 

high train blank for aluminum (6,810 pglNm3, see Table 5-9) made the reported aluminum 

concentration for the front half portion of the sample for July 19 and July 22 go nearly to 

zero. 

The barium concentrations vary from 0.52 to 2.66 pglNm3. The bulk of the barium 

was found in the front half rinse of the sampling train. The values vary significantly for the 

front half portions of the three samples. The train blank was high relative to the measured 

values in the samples, and subtraction of one relatively large number from another can 

increase the variability in reported concentrations. 

Reported chromium concentrations vary from 1.14 to 8.61 pg/Nm’. The chromium 

concentration in the front half rinse was much higher for the sample collected on July 24 

than for the other two samples. Nickel is also high for his day. These reported 

concentrations may be the result of contamination of the sample by stainless steel. 

Molybdenum, which is present in some stainless steels, is not elevated compared to its 

reported concentrations on the other two days. The same type of contamination may also be 

responsible for the reported values for July 22. 

The results for sodium show values of 1,030, 131, and 2,270 pg/Nm’. This trend is 

also seen in reported concentrations for aluminum, barium, and potassium, although the 

5-6 



variation is more pronounced for sodium. Sodium was detected in the front half rinse and 

back half of the sampling train but not on the filter portion of the samples. 

The reported levels of potassium, selenium, silicon, and sodium in Table 5-3 are 

variable and high. An explanation for the results is not available, and little confidence can 

be put in these results. Potassium, silicon, and sodium had relatively high train blanks 

which may have contributed to the variability in reported numbers. 

5.1.1.3 Location 20 - SCR Reactor Outlet. The particulate matter concentrations 

at this location are reported in Table 2-2 as 349, 248, and 360 mg/Nm3 for July 19, 22 and 

24, respectively. These data are considered to be artifacts generated by reaction of ammonia 

with sulfur compounds in the sampling train (see the discussion in Sections 5.2 and 5.3). 

The summation of elemental concentrations reported as oxides for five elements yielded 

values of about 23 (without manganese and potassium), 4, and 6 mg/Nm3. This is consistent 

with the anion and ammonia data which lead to the conclusion that the reported 

concentrations of particulate matter at this location consist primarily of ammonium sulfates. 

The reported data for July 19 are in general much higher than for the other two 

sampling days. It was on July 19 that severe plugging of the lilters occurred, and five filters 

had to be collected (see Section 3.2.4). Also, problems occurred with the sampling train 

when the potassium permanganate. iKMn0,) solution was sucked forward into the first set of 

impingers. The reported data for manganese and potassium are believed to be artifacts 

resulting from this occurrence. Note that the ratio of reported concentrations of 

potassium/manganese- is 0.85, and the ratio of their atomic weights is 0.71. These ratios are 

consistent with the hypothesis that the Mn and K arose from the KMnO, impinger solution. 

5114 Lacat on 21 - WSA Condemer Outlet. At Location 21 the average of the . . . i 

reported concentrations of particulate matter in Table 2-2 is 49 mg/Nm3. This is believed to 

be primarily sulfuric acid mist, not fly ash. The summation of the elemental data in Table 

5-8 according to the same procedures as used for the other locations yields a value of about 

2 mg/Nm’. The ratio of mass from the oxides to reported particulate mass at this location is 

much less than at Location 18, for example. This calculation is consistent with the 

assignment of the majority of the reported mass at Location 21 as other than fly ash. 
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Note that the reported aluminum concentration for July 22 is less than the detection 

limit. Aluminum was not reported as detected in the filter sample for this day, although it 

was detected in the other two filter samples. The reported value is not correct; an 

explanation for the result was not found. 

Barium is reported as 0.609 pg/Nm3 for the sample collected on July 19 but less than 

the detection limits on the other two days. Barium was detected in the front half rinse of the 

sampling tram for the July 19 sample but not in the other two samples. Subtraction of the 

relatively high tram blank from the sample results led to variability in the reported 

concentrations. 

Chromium and nickel show elevated concentrations for July 22. These elements were 

in high concentration in the front half rinse.. These reported concentrations are ascribed to 

contamination by stainless steel material. However, molybdenum, which is present in some 

stainless steels, is only slightly elevated compared to the other two days. 
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TABLE 5-l. ELEMENTS m PARTICULATE MATTER PROM BAGHOUSE INLET (LOCATION 18) alp/g) 

Andyk. N-18-MUM-719 N-18-MUM-722 N-18-MUM-724 AVERAGE DLRATIO SD 

Aluminllm 55200 89700 79600 74800 17800 
Potassium 18300 23600 20500 20800 2660 
SiIiCOU 265ooo 173ocQ 203000 214Ooo 469ao 
Sodium 18% 2550 2980 2470 549 
lhnium 6510 7180 6670 6790 350 

AntilUOUy 

Arsulic 
Barium 

Belyuilm 

Flomn 

cadmium 
cluvmium 
Cobalt 

QPW 
Lead 
MS.UgnnCS2 

MCI-CU~ 
Molybdenum 

Nickel 

47.7 40.9 40.2 43 4.2 
1750 1410 1300 1490 235 
466 6% 680 614 128 

37.7 36.4 32.5 36 2.7 
NA NA NA NA NA 

5.00 3.11 1.22 3.1 1.9 
292 286 253 277 21 

88.8 100 91.9 94 6.0 
412 429 367 402 32 
489 369 362 407 71 
300 275 231 269 35 
1.03 0.605 0.773 0.80 0.x 
165 113 91 123 38 
289 319 314 307 16 

54.1 40.5 38.4 44 8.5 
427 437 387 417 26 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

NA = Sample not available, sample not analyzed, or &t~ not wailable. 
Sicon value refers to probe rinse only. 

Possible contnminstion of ahtinum, potassium, and sodium in flter analysis. 
Sample results correcti for tmio blank 
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TABLE 5-2. ELEMENTS IN GAS SAMPLES FROM BAGHOUSE INLET (LOCATION 18) (rrg/Nm*3) 

Adytc N-la-MUM-719 N-la-MUM-722 N-18-MUM-724 AVl%AGE DLRATIO SD 

Ahminum 123COO 181000 

Potassium 40400 47600 
Silicon 195000 217000 

Sodium 4200 5180 

litmium 14500 14500 

AlltilMIly 107 82.7 91.1 94 12 
Arsmic 3960 2870 2980 3270 600 
Barium 1040 1400 1540 1330 258 
BmyUium 84.4 73.5 73.6 77 6.3 
J3olvn NA NA NA NA NA 
Cadmium 11.1 6.30 2.79 6.7 4.2 
cbmmium 656 580 572 602 46 
Cobalt 198 202 208 203 4.8 
COpp 927 866 831 875 49 
Lead 1100 744 818 888 188 
MUlgUllXL? 668 562 524 584 75 
MCrcUry 34.7 26.6 21.7 28 6.6 
Molybdenum 367 229 207 268 87 
Nickel 653 644 711 669 36 
Selenium 121 90.8 101 104 16 
Vanadium 954 882 875 904 ‘I4 

18CGQO 161M)o 

46700 44900 
237000 216000 

6930 5440 
15100 14700 

DL Ratio = Detection lit ratio. 

SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
NA = Sample not available, sample not analyzed, or data not available. 

Samples corrected for train blank. 
Silicon not determined in cyclones and filter. 
Possible contamination of aluminum, potassium, and sodium in filter analyses. 

33200 
3920 

21000 
1380 

346 
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TABLE S-3. ELEMENTS IN PARTICULATE MATTER FROM BAGHOUSE OUTLET (LOCATION 19) (,@g) 

AlUlyk. N-19-MUM-719 N-19-MUM-722 N-19-MUM-724 AVERAGE DLRATIO SD 

Aluminum 177ooo # 31300 38200 

Potassium 88800 # 15700 24lM) 

Silicon* 26 10 287ooo 72700 

Sodium* 172ooO 18300 55500 

Titanium 1190 444 160 

Antimony 

Arsenic 
Barium 

Beryllium 
Bonm 
cadmium 

Cbmmium 
Cobalt 

copper 
Lead 

Manganese 

M-V 

ND< 

ND< 

ND< 

ND< 

171 

5810 
425 

38.2 
NA 

38.2 
182 

76.5 
38.2 

318 
182 

ND< 

ND< 

ND< 

ND< 

19.4 # ND< 
685 

76.5 _ 

23100 
la.3 

91.1 ND< 14.4 

1960 223 
83.0 65.1 
16.3 ND< 2.59 

NA NA 
16.3 ND< 2.59 

244 199 
32.5 11.2 
16.3 2.59 

al.3 ND< 12.8 
76.5 96.5 
2.91 ND< 0.471 
367 56.3 

71.6 333 
14900 1690 

8.03 ND< 1.05 

Molybdenum 

Nickel ND< 
Selenium’ 

Vanadium ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

34800 

19900 
NC 

NC 
598 

92 

2660 
191 

38 
NA 

19 

208 

76 
19 

122 
118 

1.7 
369 

148 
NC 
la 

DL Ratio = Detection lit ratio. 
SD = Standard deviation. 

ND< = Not detected, value following ND< is detection limit. 
NA = Sample not available, sample not analyzed, or &ta not zwaihble. 
NC = Not calculated. 

siicon value refers to probe rinse only. 

Possible contamination of huninum. potassium, and sodium in filter analysis. 
Sample re.wlta corrected for train blank. 
# = Outlicr value, not used in calculations. 
*Data are highly variable and not consistent with coal, baghouse inlet and baghouse ash results. 

NC 
NC 

NC 

NC 
532 

13% 

9% 

79 

2860 
203 

10 
NA 

la 
32 

14 
la 

171 
56 

NC 
314 

161 
NC 

4.7 
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TABLE 5-4. ELEMENTS IN GAS SAMPLES FROM BAGHOUSB OUTLET (LOCATION 19) (Irg/Nm’3) 

Adyte N-19-MUM-719 N-19-MUM-722 N-19-m-724 AVERAGE DLRATTO SD 

Aluminum 522 190 1550 754 709 
Potassium 262 95.9 979 445 470 
Sicon 3150 3210 3700 3350 302 
Sodium 1030 131 # 2270 1650 NC 
Titanium 5.67 2.96 6.50 5.0 1.8 

Antimony ND< 0.45 ND< 0.49 ND< 0.51 ND< 0.48 0.03 

Arsenic 17.6 12.1 9.23 13 4.3 
Barium 1.77 0.52 2.66 1.7 1.07 
Ek~lliUm ND< 0.089 0.143 ND< 0.085 ND< 0.08 0.06 
Boron NA NA NA NA NA 
Cadmium ND< 0.089 ND< 0.081 ND< 0.085 ND< 0.09 0.0 
Chromium 1.14 2.19 8.61 # 1.7 NC 
Cobalt ND< 0.179 ND< 0.161 0.500 # ND< 0.17 NC 
copper 1.49 1.88 1.57 1.6 0.20 
Lead 1.11 ND< 0.448 ND< 0.468 0.52 29% 0.51 
MWlpllW 1.74 2.42 5.01 3.1 1.7 
MCI-CU~ 28.4 25.9 29.6 28 1.9 
Molybdenum 2.23 2.45 2.51 2.4 0.15 
Nickel ND< 0.179 0.524 13.5 # 0.31 NC 
Selenium 81.8 97.7 74.2 a5 12 
Vanadium ND< 0.050 0.071 ND< 0.044 NIX 0.04 0.03 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND < = Not detected, value following ND < is detection limit. 
NA = Sample not available. sample not analyzed, or data not available. 

NC = Not calculated. 
# = Outlier value, not used in calculations (chromium, cobalt, and nickel values are believed to result 

from contamination by stainless steel). 
Samples corrected for N-21-MUM-718 train blank. 
Silicon not determined in cyclones and filter. 
Possible contamination of alumhum, potassium, and sodium in tilter analyses. 
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TABLE 5-5. ELEMENTS IN PARTICULATE MATTER FROM SCR REACTOR OUTLET (LOCATION 20) (w/g) 

Adyte N-20-MUM-719 N-20-MUM-722 N-2O-W-724 AVERAGE DLRATIO SD 

Potassium 
SiIiCOn 

Sodium 

Titanium 

AlltiUlOIl~ 
Arsenic 

Barium 

Bclyuium 
Boron 

Cadmium 
chromium 

Cobalt 

__ 
bad 
Manganese 

M-JO, 

ND< 3.06 ND< 2.35 
13.3 9.10 
29.7 7.77 

ND< 0.716 ND< 0.928 
NA NA 

3.62 ND< 0.928 
148 22.3 

2.66 ND< 1.86 
155 60.6 

18.7 ND< 2.35 
47.9 # 10.7 

5.23 x ND< 0.456 
Molybdenum 83.0 37.9 
Nickel 106 8.91 
8elenium 131 427 
Vanadium 1.66 2.78 

9350 2330 2010 

6210 # 13 10 717 
26500 62800 ND< 264 # 
13700 4570 2930 

56.7 21.7 20.6 

NIX 1.75 ND< 2.4 
ND< 1.75 7.7 

0.875 13 
me 0.843 ‘ND< 0.83 

NA NA 
ND< 0.843 1.5 

18.0 63 
ND< 1.69 ND< 1.9 

30.0 82 
ND< 1.75 6.9 

6.97 8.8 
0.179 ND< 0.46 

23.1 48 
7.85 41 
259 272 
1.13 1.9 

4150 

NC 
NC 

5800 

21 

4% 

20% 

10% 

0.65 

6.3 

15 

0.11 
NA 
1.8 

74 

1.0 
65 

10 
NC 

NC 

31 

57 
148 

0.84 

DL MO = Detuztion limit ratio. 
SD = Staodwd deviation. 

ND< = Not detected, value following ND< is detection limit. 
NA = Sample not wailable, sample not aoalyzed, or data not available. 

NC = Not ulculated. 
# = Outlier value, not used in calcuhtioas (Mu and K results believed to be from KMnG4 impinger solution). 

Silicon value refer3 to probe rinse only. 
Possible contunination of alominom, pohssium, and sodium in filter analysis. 
Snmple results corrected for train blank. 
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TABLE 54. ELEMENTS IN GAS SAMPLES FROM SCR REACTOR OUTLET (LOCATION 20) h/Nm*3) 

Analyte N-20-MUM-719 N-20-MUM-722 N-20-MUM-724 AVERAGE DLRATIO SD 

Aluminum 
Potassium 
Silicon 
Sodium 

Titanium 

AlltilUO~~ 

ArseIdc 

Barium 

Jhyluum 
Boron 

cadmium 
chromium 
cobalt 

copper 
Lead 
Mmg- 

McrcurY 
Molybdeoum 

Nickel 
Seleoiom 

VanadilIUl 

3270 # 577 722 650 
16OW# 325 258 291 
llux) # 3190 ND< 13.9 # NC 
4840 # 1150 1070 1200 
19.8 # 5.38 7.41 6.4 

ND< 0.927 # ND< 0.511 ND< 0.558 

4.95 # 2.44 ND< 0.558 

10.4 # 1.94 0.337 

ND< 0.194 # ND< 0.168 ND< 0.219 

NA NA NA 
1.31 # ND< 0.168 ND< 0.219 

51.7 # 5.98 7.92 

1.01 # ND< 0.337 rmc 0.438 

55.5 x 21.4 12.6 

6.84 #’ ND< 0.511 ND< 0.558 

18800 # 3.42 13.2 

35.8 29.0 27.6 
29.4 # 10.5 8.54 

37.2 # 2.25 2.87 

52.8 # 109 96.3 

1.22 # 0.709 0.467 

NC 

NC 
NC 

NC 
NC 

ND< 0.53 NC 

1.4 10% NC 

1.1 NC 
ND< 0.19 NC 

NA NA 
ND< 0.19 NC 

7.0 NC 
ND< 0.39 NC 

17 NC 

ND< 0.53 NC 
8.3 NC 
31 4.4 
10 NC 

2.6 NC 
103 NC 

0.59 NC 

DL Ratio = Detection limit ratio. 
SD = Standard &vi&ion. 

ND C = Not detected, v&e following ND < is detection limit. 
NA = Sample not available, sample not analyzed, or data not available. 

NC = Not calculated. 
# r Outlier value, not used in cdcdations (Mu and K v&w believed to bc from KMnO4 impiiger solution). 

Samples corrected for N-21-MUM-718 train blaok. 
Silicon not determined in cyclones and lilter. 
Possible contamination of ahminum, potassium, and sodium in filter analyses. 
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TABLE 5-7. ELEMENTS IN PARTICULATE MATI’ER PROM WSA CONDENSER OUTLET (LOCATION 21) (rs/s, 

Amlyte N-21-m-719 N-tl-MUM-722 N-21-MUM-724 AVERAGE DLRATIO SD 

Ahminum 7930 ND< la.5 # 3260 5600 

Potassium 4450 ND< 70.2 878 1788 

siicon 1610 1220 754 1190 

Sodium 10500 ND< 1630 7140 6150 

Titanium 60.1 ND< 5.43 26.7 30 

Arsenic 
Barium 

Beryllium 
Baron 

Chromium 
Cobalt 

copper 
Lead 

Manganese 

MaurY 

ND< 12.7 

ND< 12.7 
9.80 

3.03 
NA 

3.03 
35.9 

ND< 6.07 

la.3 

ND< 12.7 
11.7 

14.4 

Molybdenum 112 

Nickel 6.07 

Selenium 15.6 
Vanadium ND< 3.03 

ND< 24.2 ND< 16.2 ND< 18 

ND< 24.2 ND< 16.2 ND< 18 
ND< 3.51 ND< 2.40 4.3 

5.43 ND< 3.88 ND< 3.9 
NA NA NA 

ND< 5.43 rm< 3.88 ND< 5.4 
22OO# 100 68 

33.1 u ND< 7.76 ND< 6.9 
10.2 3.88 11 

ND< 24.2 23.5 ND< 24 
163 14.3 63 

25.9 62.5 34 
286 101 166 

lOOOR 86.4 46 
11.5 8.89 12 

ND< 5.43 ND< 3.88 NIX 4.1 

1% 

4% 
3% 

NC 

2344 
428 

4918 
29 

23% 

5.9 

5.9 
4.8 

1.8 
NA 

0.56 

NC 
NC 

7.2 
a.7 

86 

25 
104 

NC 
3.4 

1.2 

DL Ratio = Detection limit ntio. 

SD = Standard deviation. 
ND< = Not dethed, value following ND< is detection limit. 
NA = Sample not avaihble, slmplc not analyzed, or data not available. 

NC = Not calculated. 
# = Outlier value. not used in calchtions (chromium, cobalt. nickel, and possibly molytdenum value 

an believed to result from contamination by stainhs steel). 
Silicon value refers to probe rinse only. 
Possible contamination of alumhum, potassium, and sodium in filter analysis. 
Sample results corr&ed for train bhk. 
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TABLE S-8. ELEMENTS IN GAS SAMPLES FROM WSA CONDENSER OUTLET (LOCATION 21) (&h’m*3) 

Adyte N-21-MUM-719 N-21-m-722 N-Zl-MUM-724 AVERAGE DL RATIO SD 

Alumhum 
Potassium 
siwn 

Sodium 
Titanium 

475 
267 

12.9 

652 

3.62 

Antimcmy ND< 0.637 

Arsenic ND< 0.637 

Barium 0.609 

Bclyllium 0.376 

Boron NA 

cadmium 0.230 

cbmmium 4.29 

Cobalt ND< 0.275 

COPpcr 1.48 

Lead ND< 0.637 

M~gSlXSC 2.45 

MCI-CU~ 36.2 
Molybdenum 6.90 

Nickel 1.04 
selenium 1.42 
Vanadium ND< 0.137 

ND< 
ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

0.438 # 181 328 
1.87 49.1 106 
15.6 15.2 15 

52.7 # 421 536 
0.136 1.50 1.7 

0.683 ND< 0.750 ND< 0.69 

0.683 ND< 0.750 ND< 0.69 
0.094 ND< 0.105 0.24 
0.247 ND< 0.162 0.23 

NA NA NA 
0.138 ND< 0.162 ND< 0.16 

72.8 # 6.47 5.4 
1.14 # ND< 0.324 ND< 0.30 
1.38 0.785 1.2 

0.683 1.53 0.73 
5.60 2.85 3.6 
21.9 30.7 30 
9.64 5.88 7.5 

33.1 # 5.01 3.0 
0.610 0.721 0.92 
0.138 ND< 0.162 ND< 0.15 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 

ND < = Not detected, value following ND < is detection limit. 
NA = Sample not available, sample not analyzed, or data not available. 
NC = Not calculated. 
# = Outlier value, not used in calculations (cbmmium and nickel valuea are believed to 

from contamination by stainless steel). 
Samples corrected for N-21-MUM-718 train blank. 
Silicon not determined in cyclones and filter. 
Possible contamination of aluminum, potassium. and sodium in filter analyses. 

0% 

1% 

14% 

12% 

30% 

NC 
142 
1.4 

NC 

1.8 

0.057 

0.057 

0.32 

0.15 
NA 

0.090 
NC 

NC 
0.38 

0.69 

1.7 
7.2 
1.9 

NC 
0.44 

0.014 
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TABLE S-9. ELEMENTS IN BLANK GAS SAMPLES t&Nm^3) 

TRAJNBLANK 

Analp N-21-MUM-718 

Ahhum 6810 

Potassium 4310 

Silicon 10500 

Sodium 10500 

Titanium 17.8 

Antimony 
Arsenic 

Barium 

Bclyllium 

Bomn 
Gldmium 

cbmmium 
cobalt 

ccpper 
Lead 

MUlgWSC. 
Mel-0Jl-y 

Molybdenum 
Nickel 

Selenium 

ND< 0.575 
ND< 0.575 

15.9 
ND< 0.110 

NA 
ND< 0.110 

0.695 
ND< 0.219 

3.75 
ND< 0.575 

1.70 

0.251 
3.71 

ND< 0.219 
1.43 

Vanadium ND< 0.110 

ND c = Not detsted, value following ND < is detection limit. 

NA = Sample not available, sample not atulyzed, or data not avaihble. 
Sicon not determined in cyclones and tilter. 

Possible contauhation of aluminum, potassium, and sodium in filter analysea. 
Train blank corrected for 0.1 N I-IN03 field reqent blank. 
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5.1.2 Solid Sam& 

Tables 5-10 through 5-12 present the results of analyses for elements in solid 

samples. Results are reported in units of pg/g. Data are presented for boiler feed coal 

(Location 1) by ICP-ABS, GF-AAS and CV-AAS; Sq catalyst waste (Location 23), and 

baghouse ash (Location 24). In each table, the daily average sample composite results are 

shown along with the average and standard deviation of those results. The composite sample 

identification scheme and compositing procedures are described in Section 3.2.2 

Results from the coal analysis round-robin study coordinated by Consol, Inc. for 

DOE/PETC are presented in Appendix B Auditing of this report. 
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TABLE 5-10. ELEMENTS IN BOILER FEED COAL (LOCATION 1) (w/o) 

Analyte JL1993-BOFED JL2293-BOFED JL2493-BOFED AVERAGE DLRATIO SD 

Aluminum 

Potassium 
Silicon 

sodium 

Titanium 

AntimOlly 

‘4rsenic 
Barium 

Beryllium 

Borotl 
cadmium 

cbmmium 

Cobalt 

COPP= 
Lead 
Mangame 

MelClKj- 
Molybdenum 

Nickel 
8&.nium 

Vanadium 

ND< 

ND< 

14WO 13300 

2100 1900 
24500 24400 

300 400 

800 700 

13700 13700 351 
2100 2000 115 

25oou 24600 321 
2al 300 100 
800 767 58 

0.7 0.9 1.1 0.9 0.20 
46 20 36 34 13 
60 70 60 63 23 

2.3 2.5 2.0 2.27 0.25 
19 70 69 53 29 

0.3 ND< 0.3 NIX 0.3 ND< 0.3 0 
15 17 14 15 1.5 

5.9 5.3 5.0 5.4 0.46 
14 15 12 14 1.5 
14 11 14 13 1.7 
31 27 22 27 4.5 

0.33 0.27 0.17 0.26 0.081 
3.6 ND< 3 3.0 ND< 3 1.1 
14 16 16 15 1.2 

0.6 1.1 1.6 0.90 10% 0.66 
25 29 24 26 2.6 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 

ND < = Not detected. value following ND < is detection limit. 
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TABLE 5-11. ELEMENTS IN SO2 CATALYST WASTE (LOCATION 23) olg/g) 

Amlyte N-23-PRS-723 

Alumhum 

Potassium 
Silicon 

Titanium 

Antimony 

Alnenic 

Belyllium 
Boroo 

cadmillm 
cllmmium 

Cobalt 

CoPper 
Lead 
Mmgmcse 

M.SrCU~ 

ND< 

ND< 

ND< 
Molybdenum ND < 

Nickel 
Selenium ND< 

Vanadium 

6700 

97800 

224wo 

13m 
600 

7.7 

10.0 

45 

9.4 
130 

2.0 
99 

13 
17 

20 
130 

0.03 
40 

44 
4.0 

110 

ND< = Not detected, value following ND< is detection limit. 
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TABLE 5-U. ELEMENTS IN BAGHOUSE ASH (LOCATION 24) (w/g) 

Adyte JL1993-BAGH JL2293-BAGH lL2493-BAGH A-GE DLRATIO SD 

Aluminum 105Olm 106CKW 94900 102Olm 6140 
Potassium 24500 26200 29400 26700 2490 
siicon 177mO 179ca 164ooo 173m 8150 
Sodium 
Titmium 

“WilMUy 43 44 55 47 6.7 
Alxllic 1120 1240 11% 1180 60 
Barium 760 910 1000 890 121 
Bmylilm 38 39 41 39 1.5 
Boron 700 am 750 757 60 
cndmium 2.00 ND< 2.00 2.00 ND< 2.0 0.58 
chromium 260 280 300 280 20 
cobalt 71 100 103 91 18 

c4ppcr 4m 480 4.93 453 31 
Lead 522 5% 602 573 45 
Manganese 270 280 270 273 5.8 

Mercury 0.11 0.08 0.06 0.083 0.025 
Molybdenum 85 130 130 115 26 
Nickel 270 . 3m 350 313 40 
selen.ium 7.00 8.50 9.40 8.3 1.2 
Vanadium 410 450 470 443 31 

4ooo 14700 7470 6270 
6900 7530 709 

DL Batio = Detection limit ratio. 

SD = Stalard deviation. 

ND < = Not detected, value following ND < is detection limit. 
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5.1.3 Liauid Sam&s 

Location 22, sulfuric acid process stream, was the only sampling location for liquids. 

Results of elemental analyses are shown in Table 5-13. The highest measured concentrations 

of elements in the sulfuric acid stream were boron (77 mg/L) and selenium (30 mg/L). The 

concentration ratio [boron]/[selenium] in the sulfuric acid was about 2.6 compared to a 

corresponding ratio of 59 in the boiler feed coal and 91 in the baghouse ash. Capture of 

selenium in the sulfuric acid stream (and enrichment relative to other elements) has been 

noted by ABB in other studies. As will be discussed in Section 6.1, the selenium 

concentration in the sulfuric acid constitutes a major flow of selenium in the process. 
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TABLE 5-13. ELEMENTS IN SULFURIC ACID (LOCATION 22) (mg/L) 

Adyte N-22-PRL-719 N-22-PRL-722 N-22-PRL-724 AVERAGE DLRATIO SD 

Aluminum 15.9 

Potassium 18.3 

SiliCOlI ND< 1 

Sodium 4.48 

Titanium 0.63 

AIltimony 

AlBenic 

Barium 

Bcrylium 

Jhm 
Cadmium 
chromium 
cobalt 

ND< 0.02 

0.15 

1.98 

ND< 0.1 
73.5 

ND< 0.1 
ND< 0.1 

ND< 0.200 
ND< 0.1 

ND< 0.02 

0.1 

0.09 

Mangmesc 

MlXClll-y 

Molybdenum 1.53 

Nickel ND< 0.2 
S&.IliUlll 28 
Vanadium ND< 0.1 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 

ND< 

12.6 12.3 14 2.0 
20.7 14.5 18 3.1 

1 ND< 1 ND< 1 0 
5.34 5.64 5.2 0.60 

0.607 0.53 0.59 0.052 

0.02 ND< 0.02 ND< 0.02 0 
0.14 0.12 0.14 0.015 
1.94 1.74 1.9 0.13 
0.1 ND< 0.1 ND< 0.1 0 

79.3 79.1 77 3.3 
0.1 ND< 0.1 ND< 0.1 0 
0.1 ND< 0.1 ND< 0.1 0 

0.200 ND< 0.200 me 0.20 0 
0.1 ND< 0.1 ND< 0.1 0 

0.02 ND< 0.02 ND< 0.02 0 
0.1 ND< 0.1 ND< 0.1 0.029 

0.14 0.14 0.12 0.029 
1 ND< 1 ND< 1 0.14 

0.2 ND< 0.2 ND< 0.2 11 
33 28 30 2.9 

0.1 ND< 0.1 ND< 0.1 0 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 

ND< = Not detected, value following ND< is detection limit. 
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5.2 AmmoniaXvanide 

Ammonia and cyanide were measured in four flue gas streams. Results are presented 

in Table S-14 for the baghouse inlet (Location 18), Table S-15 for the baghouse outlet 

(Location 19) Table S-16 for the SCR reactor outlet (Location 20) and Table S-17 for the 

WSA condenser outlet (Location 21). Results from analyses of blank samples are presented 

in Table S-18. 

On July 19, ABB injected ammonia into the SNOX process at a rate higher than 

normal for controlling NO, (see the discussion of SNOX operating conditions in Section 2.3 

and the discussion of problems during sampling in Section 3.2.4). The elevated ammonia 

concentrations at Location 20 on this date may reflect the higher rate of ammonia addition on 

this day. 

ABB expects ammonia concentrations in the range 20-30 ppm (about 18,000-26,000 

pg/Nm3) at Location 20 under the elevated temperature conditions there. Assuming that 

these concentrations of NH3 do exist in the flue gas, then NH, must have formed solid-phase 

sulfate compounds in the sampling equipment before it reached the impingers for collection. 

The measured sulfate concentrations of 195, 39, and 23 mg/Nm’ are consistent with such a 

loss of ammonia during sampling. A loss of 20 ppm ammonia corresponds to about 46 

mg/Nm’ of sulfate in (NH&,S04, somewhat more than the 39 and 23 mg/Nm3 recorded on 

the two days with normal ammonia injection rates. The adverse sampling constraints at 

Location 20 coupled with the single point measurement make the comparison of ammonia 

loss and sulfate gain difficult. 
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TABLE S-14. AMMONIA/CYANIDE IN GAS SAMPLES FROM BAGHOUSE INLET &OCATION 18) mrn.3) 

N-18-NH3-719 N-18-NH%722 N-IS-NH3-724 

Adyte N-18-CN-719 N-18-CN-722 N-IS-CN-724 AVERAGE DLRATIO SD 

Ammonia 202 91.7 254 183 83 
Cyanide 493 410 402 435 51 

DL Ratio = Detection Limit ratio. 

SD = Standatd deviation. 
Sample results corrected for train blank. 

TABLE S-1.9. AMMONIA/CYANIDE IN GAS SAMPLES FROM BAGHOUSE OUTLET (LOCATION 191 &/Nm*3) 

N-19-NW-719 N-19-NH3-722 N-19-NH3-724 
Amlyte N-19-CN-719 N-19-CN-722 N-19-CN-724 AVERAGE DL RATIO SD 

Ammonia 325 128 551 335 212 
Cyanide 427 519 391 446 66 

DL Ratio = Detection lit tatlo. 
SD = Standard deviation. 
Sample results corrected for train blank. 
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TABLE S-16. AMMONIAICYANIDE IN GAS SAMPLES FROM SCR REACTOR OUTLET (LOCATION 20) (rg/Nm’3) 

N-20-NH4-719 N-20-NH4-722 N-20-NH4-724 

Amlyte N-20-CN-719 N-20-CN-722 N-20-CN-724 AVERAGE DLRATIO SD 

Ammonia * 313 ** 15.5 18.3 116 171 
Cyanide 184 267 428 293 124 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 

Sample results corrected for train blank. 

* Based upon operation of the SNOX process, ammonia concmtmtions of about 18,ooO - 26,000 &Nm”3 
could be expected at this location. ‘he reported valuea are believed ta reflect artifact loss of ammnia 

by formation of ammonium sulfate and ammonium bisulfite in the sampling equipment. 
** Ammonia was injected into the SNOX p-a at P bigher rate on July 19 than cm other days. 
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TABLE S-17. AMMONLAICYANIDE IN GAS SAMPLES FROM WSA CONDENSER OUTLET W3CATION 21) (rg/Nm-3) 

N-21-NH4-719 N-21-NH4-722 N-21-NH4-724 

Adyte N-21-CN-719 N-21-CN-722 N-21-CN-724 AVERAGE DLRATTO SD 

Ammonia 67.1 590 # 86.4 77 NC 
Cyanide 181 198 269 216 47 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 

# = Outlier value, not wed in calculations. 

Sample results corrected for train blank. 

TABLE 5-18. AMMONIA/CYANIDE JN BLANK GAS SAMPLES (w/Nm^3) 

TRAIN BLANK 
N-21-NH4-718 

‘4nalyte N-21-CN-718 

Ammonin 20.5 

Cyanide 2.49 
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5.3 Anions 

Anions were measured in four flue gas streams, two solid streams, and the one liquid 

process stream. Results are presented in three sections corresponding to the type of process 

stream. 

5.3.1 Gas Sam&s 

Tables 5-19 through 5-23 present results for anions in flue gas samples. Blank results 

are shown in Table 5-23. Table S-19 contains results for the baghouse inlet (Location 18), 

and Table S-20 contains results for the baghouse outlet (Location 19). Table S-21 presents 

results for the SCR reactor outlet (Location 20), and Table 5-22 presents results for the WSA 

tower outlet (Location 2 1). 

The data obtained at Location 20 (Table S-21) show the effect of the high rate of 

injection of ammonia into the SNOX process on July 19 (see the discussion of SNOX 

operating conditions in Section 2.3, the discussion of problems during sampling in Section 

3.2.4, and Table 5-22). On July 19, ABB delivered more ammonia into the SNOX process 

than was needed to control NO=, and the filter in the sampling train became clogged after 

only about one hour of sampling, whereas on other days a filter could be used for over four 

hours before particulate matter built up on it and caused a substantial pressure drop across it. 

Late in the day on July 19, ABB reduced the injection rate of ammonia, and sampling 

continued without incident. Table 5-21 shows that the chloride and sulfate concentrations in 

the flue gas in particulate matter were much greater on July 19 than on July 22 or July 24. 

This is believed to be artifact formation in the sampling system as the ammonia rich sample 

stream was drawn through the probe and filter, and the temperature of the sample stream was 

reduced to about 121 K (25OOF). Note that the acid gases, HCl and HF show more uniform 

concentrations for the three sampling days. 
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TABLE 5-19. ANIONS IN GAS SAMPLES FROM BAGHOUSE INLET (LOCATION 18) (w/Nm-3) 

Analyte N-18-FCL-719 N-18-FCL-722 N-18-FCL-724 AVERAGE DLRA’I’IO SD 

Hydrogen Chloride 195ca 177000 188OLM 187iXU 9070 
Hydrogen Fluoride 9820 7960 106w 9460 1360 

Chloride 0.59 ND< 13.6 27.0 ND< 14 14 
Fluoride 227 150 184 187 38 

PhOSphntc 12.2 ND< 3.40 ND< 3.61 5.2 22% 6.0 

Sulfate 68500 58100 72100 662mJ 7270 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 

Sample results comaed for train blank. 

TABLB S-M. ANIONS IN GAS SAMPLBS FROM BAGHOUSE OIXLET (LOCATION 19) (rg/Nm^S) 

Amlyte N-19-FCL-719 N-19-FCL-722 N-19-FCL-724 AVERAGE DLRATIO SD 

Hydrogen Chloride 168ccQ 221m 26500l 218OW 48600 
Hydrogen Fluoride 8230 10200 13200 10500 2soa 

Chloride ND< 16.5 ND< 15.6 1.96 ND< 17 3.5 
Fbmide 10.4 7.42 1.45 6.4 4.5 
Phosphate ND< 1.65 ND< 1.56 ND< 1.63 ND< 1.6 0.044 
SUlf8tC 290 7510 2lmJ 10300 9560 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, v&s following ND < in detection limit. 
Sample resulu corrected for train blank. 
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TABLE S-21. ANIONS IN GAS SAMPLES FROM SCR REACTOR OUTLET (LOCATION 20) olg/Nm*3) 

Atdyte N-20-FCL-719 N-20-FCL722 N-20-FCL-724 AVERAGE DLRATIO SD 

Hydrogen Chloride 202ooo 201ooo 195cal 19woo 3790 

Hydrogen Fluoride 12800 7320 12200 10800 3010 

Chloride 110 # 10.6 1.73 6.2 NC 
Fluoride 13.8 1.79 6.82 7.5 6.0 

PhOSphak ND< 88.6 ND< 1.54 ND< 1.50 ND< 31 50 
Sulfate 195ooo x 39ooo 23500 31200 NC 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND < = Not detected, value following ND < is detection limit. 
# = Outlier value, not used in calculations. 

Sample results comfted for train blank. 

‘Ihe chloride and sulfate data for July 19 are believed to be artifacts resulting from formation of particulate 
material in the sampling system Bs excess ammonia reacted with flue gases. The rate of injection of ammonia into 

the SNOX system was higher on July 19 than ott July 22 or 24 (see Table 5-16). 
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TABLE S-22. ANIONS IN GAS SAMPLES FROM WSA CONDENSER OUTLET (T&CATION 21) (w/Nm-3) 

Adyte N-21-FCL-719 N-21-FCL-722 N-21-FCL-724 AVERAGE DLRATIO SD 

Hydrogen Chloride 109000 137000 93700 113oM) 22000 

Hydrogen Fluoride 9210 10100 8040 9120 1030 

Chloride 6.60 ND< 16.7 87.2 34 8% 46 

Fluoride 610 5.80 28.6 215 343 

PhOSphatG 4.74 ND< 1.67 ND< 5.52 ND< 5.5 2.0 

Sulfate 62100 54Ow 118Ow 7gOoO 34800 

DL Ratio = Detection limit ratio. 

SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for t&blank. 

TABLE S-23. ANIONS IN BLM GAS SAMPLES f&Nm^3) 

TRAINBLANK 

Andy@ N-21-FCL-718 

Hydrogen Chloride 10.4 

Hydrogen Fluoride 13.5 

Chloride 16.1 

Fluoride 1.24 
PhOSpbptC 1.73 

Sulfate 45.4 
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5.3.2 Solid Samoles 

Results for anions in boiler feed coal (Location 1) are presented in Table 5-24. 

Results for anions in baghouse ash (Location 24) are presented in Table 5-25. 
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TABLE S-24. ANIONS IN BOILER FEED COAL (LOCATION 1) h/g) 

Adyte JL1993BOFED JL2293BOFED JL2493BOFED AVERAGE DLBATIO SD 

Fluoride 0.881 1.38 1.06 1.1 0.25 
Chloride 3.46 5.63 2.51 3.9 1.6 
Phosphate ND< 1.00 ND< 1.00 ND< 1.00 ND< 1.0 0 
Sulfate NA NA NA 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected. vahte following ND< is detection limit. 
NA = Sample not available, sample not analyzcd, or data not available. 

TABLB S-25. ANIONS IN BAGHOUSE ASH (LOCATION 24) W@ 

Anal* JL1993BAGH JL2293BAGH JL2493BAGH AVERAGE DLBATIO SD 

Fluoride 22.0 16.7 10.5 16 5.8 
Chloride 12.9 13.5 15.3 14 1.2 
Phosphate ND< 5.00 ND< 5.00 ND< 5.00 ND< 5.0 0 
SdfitC 32ooo 31900 37700 33900 3320 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < is detection limit. 
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5.3.3 Liouid Samoles 

Results for anions in sulfuric acid (Location 22) are presented in Table 5-26. 

TABLE S-26. ANIONS JN SULFURIC ACID (LOCATION 22) Iw/ml) 

Analyte N-22-PRL-719 N-22-PRL-722 N-22-PRL-724 AVERAGE DLRATIO SD 

Chloride NA NA NA 
Fluoride NA NA NA 
Phosphate ND< loooo ND< loo00 ND< loooo ND< lc!ooo 0 
Sulfate * * * 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < is detection lit. 
NA = Sample not available, sample not analyzed, or data not available. 

* = Sulfuric acid content confirmed to be 95 percent by weight by meam of density measurement. 
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5.4 Volatile Oreanic CornDour& 

Volatile organic compounds (VOC) were measured only in flue gas streams at the 

SNOX process. Results are presented for Locations 18-21 in Tables 5-27 through 5-30. 

Each of the values reported in these tables is an average of the values from the three 

determinations made by the distributive volume collection approach that is used in the VOST 

collection protocol. Results for blank samples are shown in Table 5-31. These results were 

obtained from samples collected with a Volatile Organic Sampling Train (VOW). In Section 

7, results obtained from samples collected in canisters are compared with the VOST results. 

Referring to Table 5-31, methylene chloride (or dichloromethane) was used in the 

field to clean glassware. The high blank value of 2,100 pg/Nm3 shown in this table is 

believed to be contamination of the blank with the solvent. The data in Tables 5-27 through 

5-30 are not corrected for the train blank. Because of the contamination, an emission factor 

is not reported for methylene chloride in Section 6. 

Acetone also shows high values in Tables 5-27 through 5-30 but not in the blank 

(Table 5-31). Acetone was used in the field to rinse the sampling probes in Method 29 

trains and in the laboratory. Acetone was found in the laboratory blank. Consequently, an 

emission factor is not reported for acetone in Section 6. 

Results are not reported for chloromethane at Locations 18, 19, and 20 because of a 

large interfering peak in the chromatogram. Data are reported for this compound at 

Location 21 in Table 5-30. The data exhibit considerable scatter. For example, the reported 

value of 99.8 pglNm3 for July 23 is the average of three collections in the distributive 

volume sampling approach: 245, ND C5.6, and 54 ag/Nm3. 
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TABLE 5-27. VOC IN GAS SAMPLES FROM BAGHOUSE INLET (LOCATION 18) @g/Nm*3) 

Allalyte N-18-VOS-718 N-18-VOS-721 N-18-VOS-723 AVERAGE DLBATIO SD 

chlorometham I 
Bmmomethane ND< 5.13 
Vinyl Chloride ND< 5.13 
chloroethlulc ND< 5.13 
Methylenc Chloride * 34.1 
Acetone * 61.3 
Carbon Disulfide 6.93 
1, 1-Dichloroctbene ND< 5.13 
l,l-Dichlomethme ND< 5.13 
Tram-1,2-Dichlometbene ND< 5.13 
chlomform 2.98 
1.2~Dicblorochtat~ ND< 5.13 
2-Butanone ND< 5.13 
l.l,l-Trichlometbane ND< 5.42 
CarLxm Tetrachloride 2.80 
Viiyl Acetate ND< 5.13 
Bmmcdichloromethaae ND < 5.13 
1,2-Dichloropropane ND< 5.13 
cis-1,3-Dichlompmpylene ND < 5.13 
TliChlOIOethelte ND< 5.13 
Dibmmocblommethme ND < 5.13 
1,1,2-Tricblomet ND C 5.13 
Buuelte 17.6 
tram- 1,3-Dichlompropylene ND < 5.13 
2-cblorclethylvinylcther ND < 5.13 
Bmmoform ND< 5.13 
4-Methyl-2-Pentmane 3.99 
2-Hcxanone 7.75 
Tetracblometbene ND< 5.13 
1,1,2,2-Tetracbloroethane ND< 5.13 
T0hletle 8.39 
ChlorobeItzene ND< 5.13 
Ethylbenzene ND< 5.42 
StjWle ND< 5.13 
xy1enes cm.al) 6.76 

I 
ND< 4.70 
ND< 4.70 
ND< 4.70 

14.3 
47.0 
12.3 

ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 

54.9 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 
ND< 4.70 

I NC NC 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 

16.9 NC NC 
35.6 NC NC 
24.5 14.6 9.0 

ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 o.zs 
ND< 4.58 ND< 4.8 0.29 
NIX 4.58 ND< 4.7 0.38 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.9 0.46 
ND< 4.58 ND< 4.7 0.28 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 

19.8 31 21 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.7 0.96 
ND< 4.58 ND< 4.7 3.1 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.8 0.29 

2.80 ND< 4.7 3.4 
ND< 4.28 ND< 4.7 0.43 
ND< 4.58 ND< 4.9 0.46 
ND< 4.58 ND< 4.8 0.29 
ND< 4.58 ND< 4.7 2.6 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
NC = Not calculated. 
I = Interference prevented detection/quantification of analyte concentration or detection limit. 
Sample results corrected for train blank. 
+ Concentrations are believed to be artifacts resulting from contamination by these compounds used as 
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TABLE S-28. VOC IN GAS SAMPLES FROM BAGEOUSB OUTLET (LOCATION 19) (Jag/Tim-3) 

Andyi. N-19-VOS-718 N-19-VOS-721 N-19-VOS-723 AVERAGE DL RATIO SD 

Cblommcthane 
Bmmometbane 
Viiyl Chloride 
Cbl0rde 
Methylene Chloride * 
Aceione l 

Carbon Diide 
1, I-Dicblometbene 
1.1~Dichlome 
Tona-1,2-Dicblotine 
Chlomform 
1,2-Dicblorocthane 
2-BLltawne 
l,l,l-Ttichlo~ 
Carbon Tehchloridc 
Vinyl Acetate 
Bromodicblorometbane 
1.2-Dichlompmpane 
cis-1,3-Dicblompmpylene 
Trichlorc&ene 
Dibmmc&lommehne 
1,1.2-Trichlorocthane 
&nzene 
tmns-1,3-Dichlompmpylene 
2Cllloroethylvinylethsr 
Bmmoform 
4-Methyl-2-Pentanone 
2-Hexanone 
TetnrChlOrathsm 
1,1,2,2-Tetmcblorwthane 
Tohlens 
Cblombenzene 
Eth#StZ0D0 
StpTlC 
Xylenes (rotal) 

ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

:iD< 
ND< 
ND< 
ND< 

ND< 
ND< 

NIX 
ND< 
ND< 
ND< 

I 
6.24 
6.24 
6.24 
495 

86.3 
3.87 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
6.24 
11.3 
21.7 
6.24 
6.24 
6.24 
11.3 
13.1 
6.24 
6.24 
4.62 
6.24 
6.24 
6.24 
6.24 

ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

I 
5.78 
5.78 
5.78 
29.6 
59.9 
3.03 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
9.17 
5.78 
5.78 
5.18 
5.18 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 
5.78 

ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

ND< 
ND< 

ND< 
ND< 
ND< 
ND<. 

I 
5.79 
5.79 
5.79 
138 

36.6 
5.09 
5.79 
5.79 
5.19 
5.79 
5.79 
5.79 
5.79 
5.79 
5.19 
5.79 
5.79 
5.19 
5.19 
5.19 
9.78 
35.7 
5.79 
5.79 
5.79 
5.79 
5.72 
5.19 
5.79 
3.04 
5.79 
5.79 
5.79 
5.79 

ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

NC 
5.9 
5.9 
5.9 
NC 
NC 
3.4 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 
8.9 
22 

5.9 
5.9 
5.9 
7.6 
7.2 
5.9 
5.9 
5.8 
5.9 
5.9 
5.9 
5.9 

NC 
0.26 
0.26 
0.26 
NC 
NC 
1.0 

0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 
0.26 

2.8 
13 

0.26 
0.26 
0.26 

3.2 
13% 5.3 

0.26 
0.26 
O.% 
0.26 
0.26 
0.26 
0.26 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < ia dticm limit. 
NC = Not cdculatcd. 
I = Jnterferencc prevented detection/quntitictiion of analyte concentration or detection limit. 
Sample results corrected for train blank. 
l Concentrations are believed to t-z artifacts resulting from contamination by these compounds used aa solvents. 
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TABLE S-29. VOC JN GAS SAMPLES PROM SCR REACTOR OUTLET (LOCATION 20) hg/Nm’J) 

Analyte N-20-VOS-718 N-20-VOS-721 N-20-VOS-723 AVERAGE DLRATIO SD 

Chlommethmc 
Bmmometbans 
Vinyl chloride 
CblOrwtbanC 
Methylem Chloride * 
Acetone l 

Carbon Diihidc 
1, I-Dichhxtbene 
l,l-Dichlomethane 
Tram-1,2-Dichlometbene 
Chlomform 
1,2-Dicbloroethans 
2-Bu%ano~ 
1 , 1 , 1-Tricblomelhsne 
Carbon Tehchloride 
Vinyl Acetate 
Bmmcdicblommethne 
1.2~DichlompmpMe 
cis-1,3-Dicblompmpylene 
Ttichlomethene 
Diimmochlomm&hme 
1,1,2-Trichlorocthane 
Bemcne 
tuna-1,3-Dicblompmpyleoe 
2-Cblomahylvinylcthsr 
Bmmoform 
4-Methyl-2-Pentanone 
2-Hexanone 
TeCIX&lClm&Clle 
1,1.2,2-TctncblomcU~ne 
Toluene 
Chlombenzcne 
EthyIbCnZC~C 
StpU.2 
Xylenes cpa.l) 

ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 

ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

I 
6.40 
6.40 ND< 
6.40 ND< 
75.1 
67;7 
5.02 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 
4.92 
6.40 ND< 
6.40 ND< 
6.40 ND< 
15.6 
26.2 
6.40 ND< 
6.40 ND< 
11.6 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 
6.40 ND< 

I I NC NC 
6.76 71.3 26 4% 38 
1.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
20.3 29.0 NC NC 
20.4 15.8 NC NC 
13.7 8.25 ND< 14 1.6 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 1.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
1.34 ND< 7.13 ND< 7.0 0.49 
1.34 ND< 7.13 ND< 7.0 0.49 
1.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
6.14 ND< 7.13 ND< 7.1 1.6 
11.4 ND< 12.5 ND< 13 3.4 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
16.2 ND< 7.13 12 10% 7.1 
34.9 23.6 28 5.9 
7.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 7.13 ND< 7.0 0.49 
6.09 11.8 8.8 12% 5.0 
7.34 ND< 7.13 ND< 7.0 0.49 
6.09 ND< 7.13 ND< 6.5 0.53 
1.34 ND< 7.13 ND< 7.0 0.49 
7.34 ND< 1.13 NIX 7.0 0.49 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < is detection limit. 
NC = Not calculated. 
I = Interference prevented d&ction/quantiticaion of analyte conceamtion or detation limit. 
Sample resulta corrected for train blank. 
* Concentrations are believed to be artifacts resulting from contanimtion by these compounds used as solvents. 
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TABLE 5-30. VOC IN GAS SAMPLES PROM WSA CONDENSER OUTLET CLQCATION 21) @g/Nm^J) 

An&c N-21-VOS-718 N-21-VOS-721 N-21-VOS-723 AVERAGE DLRATIO SD 

Chlommelhme 
Bmmometbane 
Vinyl Chloride 
ChlOrOCthMS 
Methylene Chloride * 
Acetone * 
carbon Diiffide 
1 , 1-Dicblomethene 
1 , 1-Dicblomethane 
Tram-1 ,ZDicbhoethene 
Chlomform 
1.2~Dicblorocthsne 
2-Butauone 
l,l,l-Tricblomethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bmmodichlomme&me 
1,2-Dictdompmpana 
cia-1,3-Dichlompmpylew 
Tricbhxthena 
Di%mmcchlomm&an~ 
1,1,2-Tricblometbaae 
Bul.zane 
tram-1,3-Dichlompmpylene 
2Cbloroethylvinyl~r 
Bmmoform 
&Methyl-2-Pentanow 
2-Hennone 
TstrachlOmecheD~ 
l , l .Z f-TetmchlomeUt~e 
TOluene 
Chlombenzene 
Ethylbenzene 
StpIlO 
Xylened (Total) 

DL Ratio = Detection limit 
SD = Startdad deviation. 

ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

ND< 
ND< 

ND< 
ND< 
ND< 
ND< 

r&o. 

592 
15.6 
7.24 ND< 
7.24 ND< 
44.1 
71.4 
15.6 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 
4.97 
7.24 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
16.2 
7.24 ND< 
7.24 ND< 
8.74 ND< 
7.24 ND< 
7.24 ND< 
7.24 ND< 
1.24 ND< 

204 
18.0 
10.2 ND< 
10.2 
10.9 
88.1 
20.1 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
20.1 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
13.3 ND< 
8.20 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 
57.2 ND< 
10.2 ND< 
10.2 ND< 
8.00 
10.2 ND< 
10.2 ND< 
10.2 ND< 
10.2 ND< 

99.8 299 259 
13.7 ND< 16 5.1 
6.69 ND< 8.0 1.9 
5.43 ND< 4.7 1.0 
52.6 NC NC 
31.3 NC NC 
4.55 ND< 20 2.8 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 11 7.6 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 7.2 5.6 
9.86 7.7 2.5 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 26 4% 28 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
3.48 ND< 8.0 2.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 
6.69 ND< 8.0 1.9 

ND < = Not detected. value following ND< ia detection limit. 
Sample results corrected for train bhk. 
* Concentrations are believed to be artifacta resulting from CO ntamimtion by there compounds used aa solvenb. 
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TABLE S-31. VOC IN BLANK GAS SAMPLES @giNm^3) 

Adytc N-19-VOS-718 

Chlommethanc 
Bmmomethane. 
Vinyl Chloride 
chlomethme 
Methylme Chloride 
Acetone 
Carbon Disulfidc 
1 , 1-Dicblomethene 
l,l-Dichlomethane 
Tram-1,2-Dichlomethene 
Chhoform 
1,2-Dichlomethane 
2-Butanonc 
l,l.l-Trichlomethane 
Carbon Tetrachloridc 
Viiyl Acetate 
Bmmcdichlommethane 
1,2-Dicblompmpatte 
cis-1,3-Dichlompmpylene 
Tricblomethenc 
Dibmmochlommethaae 
1,1,2-Ttichlomethane 
Benzene 

ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 

2100 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 

1.51 
ND< 3.28 
ND< 3.28 

4.32 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 

tram+1,3-Dichlompmpylene ND< 3.28 
2-Chloroethylvinylether 
Bmmoform 
4-Methyl-2-Pentanone 
2-Hexartone 
Tetra&lomethene 
1,1,2,2-Tetrachlomethanc 
Tolttenc 
Chlombemene 
Etbylhzene 
StpJl.2 
Xylem3 (Total) 

ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 
ND< 3.28 

ND< = Not detected, value following ND< is detection lit. 
Methylenc chloride results are believed ta be contamination fmm the methylene chloride 

used as a solvent in the field. 
Methylenc chloride samples not corrected for methylene chloride train blank valu*l. 
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5.5 PAH/SVOC. 

Polynuclear aromatic hydrocarbons (PAH) and other semi-volatile organic compounds 

(SVOC) were measured in gas and solid streams for the SNOX process. Results are 

presented in two sections corresponding to the two types of process streams. 

$5.1 Gas Samoles 

Results for PAHLSVOC in flue gas streams are presented in Tables 5-32 through 

5-35. Results are shown for Locations 18-21. Results for blanks are presented in Table 

S-36. 

Samples of vapor and particulate phase PAH and SVOC were collected and analyxed 

separately. The results were added together according to DOE’s protocol to calculate total 

values for each compound. In the footnotes to Tables 5-32 through 5-35, the volume of the 

extract for each vapor (called X for the XAD resin that collected the vapor) and particle 

phase (called F for the filter) sample is provided. Because of sample matrix effects (see 

Appendix F), the extracts for the vapor samples could be concentrated down to only 1,000 to 

2,000 ~1, whereas the extracts for the particle samples were concentrated down to 100 ~1. 

The detection limits for the particle samples were in general much less than, for the vapor 

samples. As a consequence, for many of the values reported as not detected in Tables 5-32 

through 5-35, the compound was detected in the particle phase but in summing the particle 

concentration and one-half the detection limit of the vapor phase the total result was less than 

the detection limit for the vapor phase. Therefore the result could only be reported as the 

detection limit of the vapor phase component. Note that in Section 7.1, this specific protocol 

was not followed in order to evaluate the particle/vapor phase distribution of PAH and other 

svoc. 
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TABLE S-32. PAIWSVOC IN GAB SAMPLES FROM BAGHOIJSE INLET (LOCATION 18) (#Nm-3) 

N-18-MMS- N-18-MM5 N-lCMMS- 

Andytc F+X-718 F+X-721 F+X-723 AVERAGE DLRATIO SD 

Benzylchloride 
ACdoph~llO~~ 

HeJ.achlorocmnne 

N@hllene 
Hexacblorobutadiene 

2CbIoroatophenone 

2-McthyInqhtbaIene 

I-MetbyIqhthaIene 
HexachIomcyclqmtadiene 

BiFbenyI 
AC~hth+Il.? 

2,6-Dini~rotoluene 
ACSUpilUletle 
DibeazofuM 
2,4-Diniuotoluenc 

FIuomne 
HeXlcbIaobcllZcM 
PentacbIoroFhenol 

Fh- 

Alvhacenc 
FluoMthene 

pyreac 
Beaz(a)~thncene 

Chry- 
Bcnzo@ k k)tluonnUwe 
Beluo(e)pyrene 
Benzo(a~yret~e 

Iadeno(l,2,3-+d)pyre 
Dibenz.o(a,h)anthncene 
Benza(g,h,i)pcrylcne 

ND< 17.2 
657 

ND< 17.2 

485 

ND< 17.2 

ND< 17.2 
14s 

76.8 

ND< 17.2 
224 

32.1 

47.1 
57.0 
222 

25.5 

182 

ND< 17.2 

ND< 17.2 
2470 E 

178 

4670 E 
1360 E 
871 

3020 E 

539 
89.9 

7.4 

ND< 3.4 

ND< 3.4 

ND< 3.4 

ND< 19.8 
850 

ND< 19.8 

311 
ND< 19.8 

ND< 19.8 
107 

51.1 
ND< 19.8 

162 
IS.9 

ND< 19.8 
78.9 
13s 

62.4 

91.6 
ND< 19.8 
ND< 19.8 

783 

41.4 

592 
166 

98.8 

405 
91.5 

16.8 
ND< 4.0 

ND< 4.0 
ND< 4.0 
ND< 4.0 

ND< 18.4 
301 

ND< 18.4 

132 
ND< 18.4 

ND< 18.4 
32.9 

17.9 
ND< 18.4 

24.2 
ND< 3.67 

31.2 
23.1 
45.8 

ND< 18.4 

17.0 
ND< 18.4 
ND< 18.4 

197 

9.64 

75.8 
24.0 

5.5 

42.0 

11.4 
ND< 3.7 
ND< 3.7 

ND< 3.7 
ND< 3.7 
ND< 3.7 

ND< 18 1.3 
603 279 

ND< 18 1.3 
309 176 

ND< 18 1.3 
ND< 18 1.3 

9s 57 

49 30 
ND< 18 1.3 

136 102 
17 4% IS 

29 11% 19 
53 28 

134 88 
32 9% 27 
97 83 

ND< 18 1.3 
ND< 18 1.3 

1150 1180 

76 89 
1780 2S20 
517 734 
32S 47s 

1160 1620 
214 284 

36 2% 47 
ND< 4.0 3.2 
ND< 3.7 025 
ND< 3.7 0.2-5 
ND< 3.7 0.25 

DL Ra!& = Detection Iimit ratio. 
SD = Smmiard deviation. 
ND < = Not de&ted, vllue following ND < is detection limit. 

E = Contention detected above calibration range. 
The repmid F+X data @g/Nm^3) are the sum of the corrected 6ker data and the correxxed XAD-2 data. lbe corrected 

tikr and XAD-2 data WCIC obtained by dividing tbe comcted total anount (ng) with the corresponding sample volume (Nm^3). 
The field blanks used for the background correction are N-21-MMS-F-717, and N-21-MMS-X-717. 
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TABLE S-33. PAHlSVOC IN GAS SAMPLES FROM BAGHOUSE OUTLET (LOCATION 19) (ng/Nm-3) 

N-19-MMS- N-lCMMS- N-19-MMS- 

Adyte F+X-718 F+X-721 F+X-723 AVERAGE DLRATTO SD 

Bemylchloride 
Acdophenone 
HeMCblOIW.tbUl~ 
N@dldWllC 

Hexachlorobutadiene 

2~blmvacctophenone 
2-Metbybqhtbalew 

l-M&ybnphtbalene 

Hexacblor.xyclqatadiene 

Biphenyl 
Acenqhthylene 

2,6-Dinitrotoluene 
Acclvpbmcnc 
Dibcnzofum 
2,4-DinilmtDl”cne 

m”orcnc 
HCX&llOIUbOll.ZM 
Peatachlomphewl 
FhcMlltlume 

Anthnccnc 
l3”onrdleM 

pyrenc 
B-t*- 
ChrysCnC 
Benzo@ k k)fluonntbene 

Benzo(e)pyre.ne . 
Benzo(a~yrenc 

Indeno(l,2,3-c,d~yrene 
Dibenz+,h)smbwer= 
Beuzo(g,h,i)perylene 

ND< 8.83 
98.9 

ND< 8.83 

133 
ND< 8.83 

1300 
57.7 

30.1 

ND< 8.83 

2710 E 
30.1 

ND< 8.8 
719 

208 
10.8 

66.6 
ND< 8.8 

ND< 8.83 
86.9 

6.54 
13.8 

1.91 
3.80 

2.96 
ND< 1.77 
ND< 1.77 
ND< 1.77 

4.03 

ND< 1.77 

ND< 1.77 

ND< 18.9 ND< 9.49 ND< 12 
179 371 216 

ND< 18.9 ND< 9.49 ND< 12 
120 2.37 ES 

ND< 18.9 ND< 9.49 ND< 12 
34.7 ND< 9.49 446 
20.0 21.1 33 
11.4 11.3 18 

ND< 18.9 ND< 9.5 ND< 12 
523 E 88.7 1110 

19.8 2.41 17 
ND< 18.9 ND< 9.5 ND< 12 

38.9 7.1 2% 
258 64.9 in 

43.5 10.8 22 
55.0 5.38 42 

ND< 18.9 ND< 9.5 ND< 12 
ND< 18.9 ND< 9.49 ND< 12 

152 61.3 100 
6.51 3.52 s.5 
17.3 16.4 16 

ND< 3.78 3.13 ND< 3.8 
12.9 2.81 6.5 
10.5 12.0 8.5 
8.38 6.02 5.1 

ND< 3.78 2.47 ND< 3.8 
4J4 ND< 1.90 2.1 

3.80 1.90 3.2 
ND< 3.78 ND< 1.90 ND< 2.5 

ND< 3.78 ND< 1.90 ND< 2.5 

5.6 
140 
5.6 

72 

5.6 
0% 739 

21 

11 
5.6 

1400 
14 

5.6 

402 
100 

19 

32 
5.6 

5.6 
47 

1.7 
0.79 

0.71 
5.6 

4.8 
6% 3.8 

0.80 
29% 2.1 

1.2 
1.1 
1.1 

DL Ratio = De&c&n limit IT&O. 
SD = Stacdard deviation. 

ND < = Not detected, vlluc following ND < is detection limit. 
E - Concenkation detected above calibration range. 
The rqmted F+X data (ng/Nm^3) are the sum of the cnnwted tilta data and Ihe corrected XAD-2 data. The c-ted 

6lt.m and XAD-2 data were obtained by dividing the oormcted total amount (ng) with tha correqonding sample volume (Nm.3). 
The field blanka used for tbc background conection M N-Zl-MMS-F-717, and N-Zl-MMS-X-717. 
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TABLE S-34. PAH/SVOC IN GAS SAMPLES FROM SCR REACTOR OUTLET (LOCATION 20) (ng/Nm’3) 

N-20-MMS- N-20-MMS- N-20-MM5- 

AMlp F+X-718 F+X-721 Ft-X-723 AVERAGE DLRATIO SD 

Benzylcbloride ND< 1.13 ND< 25.4 ND< 25.4 ND< 17 
Acctophcnone ND< 1.13 412 474 296 
HCMChlOrocchUK ND< 1.13 ND< 25.4 ND< 2S.4 ND< 17 

NSphthllenr 4.00 49.2 76.9 43 

Hexachlombutadienc ND< 1.13 ND< 25.4 ND< 25.4 ND< 17 
2-Chlomlcemphenone ND< 1.13 55.8 ND< 25.4 25 
2-M&ylnaphthalene 2.89 32.1 19.3 18 
1-Methylqbtbalene 2.89 17.5 12.6 11 
Hexacblorccyclqentadiene ND< 1.13 ND< 25.4 ND< 2S.4 ND< 17 
BiihClQ4 248 E 1310 E 89.3 E 549 
Acenqhtbylenc ND< 0.23 ND< 5.09 ND< 5.09 ND< 3.5 
2,6Dinitmrol”coe 66.9 ND< 25.4 ND< 25.4 31 
Acenqhtiene ND< 0.23 16.6 11.5 9.4 
Dibenwfuran 7.2s 59.6 ND< 25.4 27 
2+Dini~oto1ueoc 1.84 67.2 ND< 25.4 27 
nuomrc 2.11 14.4 ND< 5.1 6.4 
HCMCblOl.ObCIUCllC ND< 1.13 ND< 25.4 ND< 25.4 ND< 17 
Pentacblomphenol ND< 1.13 ND< 25.4 ND< 25.4 ND< 17 
PheMnthrme ND< 0.23 85.4 51.9 46 
Au- 0.59 7.5 ND< 5.09 5.1 
FlUdenC ‘ND< 0.23 26.4 21.0 16 

4re= 1.03 6.03 ND< 5.09 ND< 5.1 
Benz(a~ene ND< 0.23 ND< 5.09 ND< 5.09 ND< 3.5 
Chl-pW 3.14 17.1 8.23 9.5 
Benz+ & k)tluomntbene 9.96 31.0 7.59 16 
Benw(e)pyrene 2.79 13.2 ND< 5.09 6.2 
Benzo(a&yrene 0.63 ND< 5.09 ND< 5.09 ND< 5.1 
Indeao&2,3-c,dbyrene 1.51 ND< 5.09 9.28 5.1 
Diben.zo(a,h)antbmccne 3.31 ND< 5.09 ND< 5.09 ND< 5.1 
Benzo(g,h,i)peryIene 2.64 ND< 5.09 ND< 5.09 ND< 5.1 

0% 

19% 

28% 
0% 
16% 

16% 
13% 

0% 
24% 

0% 

14% 

19% 

14 
257 

14 
37 

14 
28 

1s 

7.5 

14 
664 

2.8 

31 
8.4 
29 
35 

7.0 
14 

14 
43 

3.5 

14 
2.6 
2.8 
7.1 
13 

6.1 
1.1 
4.2 

0.44 
0.05 

DL R&o = Detection limit ratio. 
SD - Standard deviation. 
ND< = Not detected, v&e following ND< is detection liwit. 
E - Conccnuarion detected above caiibrarion range. 
The spated F+X data (ng/Nm^3) are (he sum of the corrected filter data ad tbe wrreoted XAD-2 dam. The corrected 

fdter and XAD-2 data were obtained by dividing the corrected total amovnt (ng) with the corresponding sample volume (Nm.3). 
The field blanka used for the background correction are N-21-MMS-F-717, aad N-21-MMS-X-717. 
Avenge and standard deviation includes only N-2&MM5-F+X-721 and N-20-MMS-F+X-723 because of loss of sample 

N-Z&MMS-X-718 d”ring tie sample preparation p-s. Note that data qxted on N-20-MMS-F+X-718 only includes 
includea reauks for sampIe N-2&MMS-F-718. 
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TABLE 5-35. PAH/SS’OC IN GAS SAMPLES FROM WSA CONDENSER OUTLET (LOCATION 21) (ngMm*3) 

N-21-MMS- N-21-MMS- N-21-MMS- 

Adyte FCX-718 F+X-721 FCX-723 AVERAGE DLRATIO SD 

Bemylchloride 
AceIophcnone 
HeU&lWO&Pnc 

Nqhlhalene 
Hexacblombutadiene 
Z-Chloroacetophenone 

2-Mahylnqhthllene 

I-MeihyInqhIUene 
Heuohlorc.zyclopemadiene 

Bipbenyl 

Acetqhtbylene 

2,&Dini~~d”ene 
AoeruphUmne 
Dibenmfunn 
2,4-Dinitmtoluene 

nuorem 
H~~blO~bZU~IW 
Pentacblomphenol 
Flleolntbrene 

Anulnccnc 
FlUOtWtthCnC 

w 
Beaz(a)anthmcene 

CluysClW 
Benm(b & k)tIuonntbene 
Benw(e)pyrmc 

Benm(a)pyrene 

hdedl,2.3-c,db~ 
Dibcnm(a,h)a&racene 
Benzo(g,h,i)perylcae 

2.43 96.7 
145 E 472 

ND< 1.04 ND< 11.5 

85.3 E 113 
ND< 1.04 ND< 11.5 
ND< 1.04 ND< 11.5 

14.4 55.2 

8.14 30.6 
ND< 1.04 ND< 11.5 

19.6 3.94 
2.90 10.6 

ND< 1.04 ND< 11.5 
7.60 11.5 
17.4 24.0 

4.98 ND< 11.5 
0.33 ND< 2.30 

ND< 1.04 ND< 11.5 
2.43 ND< 11.5 
50.3 E 27.6 

2.11 7.70 

13.5 8.51 
0.61 3.40 
2.n 2.n 

4.33 ND< 2.30 
6.60 4.34 
2.49 ND< 2.30 

1.73 ND< 2.30 
2.04 ND< 2.30 
0.76 ND< 2.30 

1.70 ND< 2.30 

ND< 9.97 

627 
ND< 9.97 

47.4 
ND< 9.97 

ND< 9.97 

12.3 
8.32 

ND< 9.97 

ND< 1.99 
3.63 

ND< 9.97 

2.92 
13.7 

ND< 9.97 
ND< 1.99 
ND< 9.97 
ND< 9.97 

21.1 
4.94 

6.28 
ND< 1.99 

3.29 

3.31 
5.14 

ND< 1.99 
ND< 1.99 
ND< 1.99 
ND< 1.99 
ND< 1.99 

3s S% 54 
415 246 

ND< 7.5 5.7 
82 33 

ND< 7.5 5.7 
ND< 7.5 5.7 

27 24 

16 13 
ND< 7.5 5.7 

8.2 4% 10 
5.7 4.3 

ND< 7.5 5.7 

7.3 4.3 
18 5.2 

ND< 12 0.45 
ND< 2.3 0.44 
ND< 7.5 3.7 
ND< 12 1.7 

33 15 
4.9 2.8 
9.4 3.7 

ND< 2.0 1.5 
2.9 0.30 

2.9 13% 1.6 
5.4 1.1 

ND< 2.3 0.82 
ND< 2.3 0.39 
ND< 2.3 0.56 

ND< 2.3 0.20 
ND< 2.3 0.37 

DLRItio -Dettctioalimitnrio. 
SD = Standard deviation. 
ND < = Nor deaeaed, value following ND < is deieaion limit. 
E = Concentration dated above calibration range. 
The reported F+X data (ng/Nm*3) are tbc sum of the corrected 6k.u data and the cormctcd XAD-2 data. The corm&d 

fdtcr and XAD-2 data were obtained by dividing the corrected total amount (ng) xvi61 tbe corresponding sample volume (Nm-3). 
The field blanks used for the background correction are N-21-MMS-F-717, and N-21-MMS-X-717. 
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TABLE 5-36. PAWSVOC IN BLANK GAS SAMPLES (ng/Nm^3) 

TBAINBLANK 
N-21-MMS- N-?I-MMS- N-21-MMS- 

AMIYte F-717 x-717 F+X-717 

Bazylchloride 
Acetophenone 
Hexacblorcctbane 
Naphtbalenc 
Hexachlombutadiene 
2-cbloroacetophenone 
2-Metbybqhtbalene 
I-Methylnaphtbalene 
Hexacblorccyclopentadiene 
Biphenyl 
Acenaphthylene 
2,6-Diitmtolucnc 
Acenaphthene 
Dihctlzofuran 
2.4-Diitmtolucne 
Fluorene 
Hexachlorobcnzene 
Pentachlomphmol 
PbeMtlthrenc 
Anthracene 
Fluomtbene 
Fyrene 
BUK(&dhCCIlC 
chlyscne 
Bsm@ & k)fluorantbene 
Benzo(e)pynns 
Benzo(a)pyrcne 
Indeno(l,2.3+,d)pyr 
Dibcnzo(a,h)anthracene 
Benm(g,h,i)perylene 

ND< 2.11 
11.2 

ND< 2.11 
1.14 

ND< 2.11 
ND< 2.11 

0.946 
0.524 

ND< 2.11 
0.751 

ND< 0.423 
20.5 

0.905 
ND< 2.11 
ND< 2.11 

1.64 
ND< 2.11 
ND< 2.11 

4.17 
ND< 0.423 

1.81 
0.658 

ND< 0.423 
0.571 

ND< 0.423 
ND< 0.423 
ND< 0.423 
ND< 0.423 
ND< 0.423 
ND< 0.423 

ND< 21.1 
116 

ND< 21.1 
176 

ND< 21.1 
1070 

ND< 4.23 
ND< 4.23 
ND< 21.1 

8.12 
ND< 4.23 

1100 
ND< 4.23 
ND< 21.1 
ND< 21.1 

16.4 
ND< 21.1 
ND< 21.1 

11.3 
ND< 4.23 

5.76 
4.79 

ND< 4.73 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 

ND< 21.1 
127 

ND< 21.1 
178 

ND< 21.1 
1070 

ND< 4.23 
ND< 4.23 
ND< 21.1 

8.87 
ND< 4.23 

1120 
ND< 4.23 
ND< 21.1 
ND< 21.1 

18.1 
ND< 21.1 
ND< 21.1 

15.4 
ND< 4.23 

7.57 
5.45 

ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 
ND< 4.23 

ND< = Not detected, value following ND< is detection limit. 
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5.5.2 Solid SamDIeS 

Results for PAH and other SVOC in baghouse ash (Location 24) are shown in Table 

5-37. This is the only solid process stream for which these determinations were made. 

TABLE 5-37. PAH/SVOC IN BAGHOUSE ASH (LOCATION 24) (ng/& 

Analyk JLl893BAGH ILt193BAGH lL2393BAGH AVERAGE DLBATIO SD 

BCllEylChlOtidC ND< 0.U 
Acerophen0lle 0.651 
Heufhloroerlunc ND< 0.25 
NqWlulene 2.51 
Hexa&lorobutadiene ND< 0.25 
2-cbhm~ctophenoIlc ND< 0.25 
2-M&ylnaphtbalene 3.91 
1-M&ylMphthalene 2.47 
Hexacblorocyclq&adieac ND< 0.25 
Biphenyl 0.584 
Acenqhtbylene 0.333 
2,6-Dinimtoluene 1.23 
Acenqhthene 0.285 
Dibemmfurm 1.88 
2,4-Dinihvtolucnc ND< 0.25 
Pluorene 1.68 
Hexacblomlw.nzene ND< 0.25 
Pentachlomphenol ND< 0.25 
Phcnvlducne 2.55 
Antbnccne 0.515 
nuoMthsns 0.631 
Pyme 0.464 
Benz(+&racene 0.225 
ChtysCtlC 0.338 
Ben& k k)tlumutbew 0.203 
Benzo(e)pyme 0.193 
Benzo@)pyrrac 0.147 
Indem(l.2,3s,d) 0.064 
Dibem(a,h)anthnceoe 0.034 
Benzofg,h,i)pcrylene 0.132 

ND< 0.25 
O.&X2 

ND< 0.25 
1.12 

ND< 0.25 
ND< 0.25 

0.871 
0.532 

ND< 0.25 
0.324 

ND< 0.05 
1.41 

0.121 
1.41 

ND< 0.25 
0.752 

ND< 0.25 
ND< 0.25 

0.849 
0.111 
0.341 
0.174 

ND< 0.05 
0.053 
0.052 

ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 

DL Ra,60 = Detection limit r&o. 
SD = Standard deviation. 
ND < = Not detected, value followiq ND C is detec6cm limit. 

ND< 0.25 
1.71 

ND< 0.25 
1.76 

ND< 0.25 
ND< 0.25 

1.36 
0.732 

ND< 0.25 
1.60 

0.151 
2.70 

0.274 
2.31 

ND< 0.25 
1.38 

ND< 0.25 
ND< 0.25 

1.09 
0.139 
0.315 
0.168 

ND< 0.05 
0.065 

ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 
ND< 0.05 

ND< 0.25 0 
0.99 0.62 

ND< 0.25 0 
1.8 0.70 

ND< 0.25 0 
ND< 0.25 0 

2.0 1.6 
1.2 1.1 

ND< 0.2S 0 
0.84 0.67 
0.17 5% 0.15 

1.8 0.80 
0.23 0.09 

1.9 0.45 
ND< 0.25 0 

1.3 0.47 
ND< 0.25 0 
ND< 0.2S 0 

1.5 0.92 
0.28 0.26 
0.43 0.18 
0.27 0.17 
0.09 18% 0.12 
0.15 0.16 
0.09 9% 0.10 
0.08 21% 0.10 
0.07 25% 0.07 

ND< 0.05 0.02 
ND< 0.05 0.02 

0.06 21% 0.06 
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5.6 Aldehvdes 

Aldehydes were measured in four flue gas streams: Locations 18-21. Results are 

shown in Tables 5-38 through 5-41. Results of analysis of blank gas samples are shown in 

Table 5-42. 

Considerable variation was observed in the measured aldehyde levels, most notabIy 

for acetaldehyde at the SCR outlet (Location 20 - Table 5-40). Difficulties in sampling at 

that location have been described in Section 3.2.4. Review of the field sampling log sheets 

did not indicate a problem with the aldehyde sampling that could explain the variability in 

reported concentrations. 
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TABLE S-38. ALDEEYDES IN GAS SAMPLES FROM BAGHOUSE INLET (LOCATION 18) ocg/Nm^3) 

AdYtC N-18-ALD-718 N-18-ALD-721 N-18-ALD-723 AVERAGE DLRATIO SD 

Formaldehyde 14.5 ND< 2.34 ND< 2.12 5.6 13% 7.7 
Acetaldehyde 61.9 29.1 11.6 34 26 
ACdCh ND< 2.27 21.1 1.35 J 7.8 5% 11 
F’mpiooaldehyde 3.40 38.3 1.62 J 14 21 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < is detection limit. 
J = Concentration detected below calibration range. 

l’be DNPH solution for sample N-18-ALD-721 was light in c&r when received 
Sample results c.xr&ed for N-21-0-717 ti blank. 

TABLE s-39. ALLIEJSYDE~~GASS~S~OMBAGHOU~O~TWCATION~~~~~~~) 

Advte N-19-ALD-718 N-19-ALD-721 N-19-ALD-723 AVERAGE DLRATIO SD 

Pormldehyds ND< 2.39 ND< 2.31 ND< 2.27 ND< 2.3 0.06 
Acetaldchyde 5.79 95.0 24.6 42 47 
Acmlein ND< 2.39 4.99 4.75 3.6 11% 2.1 
Pmpionaldchyde ND< 2.39 9.25 25.7 12 3% 13 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND < = Not detected, value following ND < is deteztion limit. 

The DNPH solution for samples N-19-ALD-718 and N-19-ALD-721 was light in color when received. 
Sample results comted for N-21-m-717 train blmk. 
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TABLE 540. ALDEHYDES IN GAS SAMPLES FROM SCR REACTOR OUTLET (LOCATION 20) (Irg/Nm*J) 

Adyte N-20-ALD-721 N-20-ALD-723-1 N-20-ALD-723-2 AVERAGE DL RATIO SD 

Formaldehyde 4.80 22.2 5.40 10.8 9.9 
Acetaldehyde 17.4 742 60.4 273 406 
Acrolein 4.58 11.0 1.88 J 5.8 4.7 
Ropionaldehydc 25.5 14.7 1.62 J 14 12 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
J = Concentration detected below calibration range. 
Sample results comeckd for N-21-ALD-717 train blank. 

TABLE 5-41. ALDEHYDES IN GAS SAMPLBS FROM WSA CONDENSER OUTLET (WCATION 21) (Ilg/Nm-3) 

Adyte N-21-ALD-721 N-21-ALD-723-l N-tl-ALD-723-2 AVERAGE DL RATIO SD 

Formaldehyde 72.3 73.4 87.2 78 8.3 
Acetaldehyde 556 534 503 531 27 
Acrolein 12.0 8.94 13.5 11 2.3 
Propiooaldehyde 35.2 11.8 9.39 19 14 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results comctcd for N-21-AID-717 train blank. 
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TABLE 542. ALDEEIYDES IN BLANK GAS SAhfPLES @g/Nm’3) 

TRAINBLANK DNF’H BLANK DNPH BLANK 
Amlyte N-Zl-ALD-717 N-18-ALD-717 N-18-ALD-RB 

Formaldehyde 2.34 J ND< 2.72 2.60 J 
Acetaldehyde 1.88 J ND< 2.72 ND< 2.72 
ACdCiU ND< 2.72 ND< 2.72 ND< 2.72 
F’mpiomldehyde ND< 2.72 ND< 2.72 ND< 2.72 

ND < = Not detected, vahw foknving ND< is detection limit. 
J = Concentration de&ted below calibration range. 

Sample and blank data comcted for average - in DNF’H Blank N-18-ALD-717 and 
DNPH Blank N-18-ALD-RB. 

5-51 



5.7 Radionuclides 

Activity of radionuclides was measured in gas and solid streams. These results are 

presented in two sections. 

5.7.1 Gas Samules 

Results of measurements of radionuclides in flue gas streams are shown in Tables 5- 

43 through 5-46. These data were collected at Locations 18-21. Results of measurements on 

blank gas samples are shown in Table 5-47. 

TABLE 543. RADIONUCLIDES IN GAS SAMPLES FROM BAGHOUSE INLET (LOCATION 18) @cim-3) 

Amlyte N-18-NH4CN-719 N-18-NH4CN-722 N-18-Nl-I4CN-724 AVERAGE DL RATTO SD 

Pb-212 ND< 40.0 ND< 41.7 ND< 31.0 ND< 38 5.8 
Tll-234 ND< 400 ND< 295 ND< 417 ND< 391 92 
Pb-210 ND< 560 ND< 589 ND< 668 ND< 606 56 
Pb-211 ND< 773 ND< 638 ND< 644 ND< 685 76 
Ra-226 ND< 64.0 ND< 51.6 ND< 64.4 ND< 60 7.3 
Ra-228 ND< 152 ND< 123 ND< 138 ND< 138 15 
l-lb229 ND< 293 ND< 295 ND< 262 ND< 283 18 
lb230 ND< 3200 ND< 2950 ND< 2620 ND< 2923 291 
U-234 ND< 11700 ND< 12500 ND< 11200 ND< 11800 656 
U-235 ND< 125 ND< 128 ND< 117 ND< 123 5.7 

DL Ratio = Detection limit ratio. 
SD = Stmdanl deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results comted for train blank. 
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TABLE S-44. RADIONUCLIDES IN GAS SAMPLES FROM BAGHOUSE OUTLET (LOCATION 19) (pCiim-3) 

bdyte N-WNH4CN-719 N-19-NH4CN-722 N-19-NH4CN-724 A-GE DLRATIO SD 

Pb-212 ND< 47.8 
n-234 ND< 352 
Pb-210 ND< 528 
Pb-211 ND< 629 
h-226 ND< 52.8 
Ra-228 ND< 138 
TM29 NIX 277 
Th-230 ND< 2770 
u-234 ND< 12100 
U-235 ND< 128 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

47.6 ND< 44.6 
1130 ND< 520 
503 ND< 545 
715 ND< 668 

58.2 ND< 56.9 
140 ND< 136 
257 ND< 297 

2910 ND< 3220 
13500 ND< 12900 

127 ND< 126 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

47 1.8 
522 28% 409 
525 21 
671 43 

56 2.8 
138 2.1 
277 20 

2970 230 
12800 702 

127 1.0 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample nsults wmcted for train blank. 

TABLE S-45. RADlONUCLlDES IN GAS SAMPLES FROM SCR REACTOR OUTLET (LOCATION 20) (pCiim^3) 

tiyte N-20-NH4CN-719 N-20-NH4CN-722 N-20-NH4CN-724 AVERAGE DL RATIO SD 

Pb-212 ND< 33.5 ND< 20.3 ND< 28.5 ND< 27 6.7 
‘II-234 ND< 264 608 ND< 225 284 29% 281 
Pb-210 ND< 282 354 ND< 285 ND< 285 123 
Pb-211 ND< 511 ND< 324 ND< 434 ND< 423 94 
Ra-226 ND< 45.8 ND< 32.4 ND< 30.0 ND< 36 8.5 
Ra-228 ND< 106 ND< 67.6 ND< 71.9 ND< 82 21 
Th-229 ND< 211 ND< 149 ND< 150 ND< 170 36 
lb230 ND< 1940 ND< 1490 ND< 1650 ND< 1690 22s 
u-234 ND< 7570 ND< 6350 ND< 7790 ND< 7240 776 
U-235 ND< 82.8 ND< 67.6 ND< 76.4 ND< 76 7.6 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for train blank. 
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TABLE S-46. RADIONUCLIDES IN GAS SAMPLES FROM WSA CONDENSER OUTLET (LOCATION 21) (pCiim^3) 

Analytc N-21-NH4CN-719 N-21-NH4CN-722 N-Zl-NH4CN-724 AVERAGE DL RATIO SD 

w-212 
Th-234 
Pb-210 
Pb-211 
R&26 
Ra-228 
lb229 
Th-230 
u-234 
u-235 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

16.1 ND< 
186 ND< 
200 ND< 
300 ND< 

28.3 ND< 
71.6 ND< 
128 ND< 

1220 ND< 
4330 ND< 
48.3 ND< 

20.1 
167 
167 
268 

28.5 
61.9 
127 

1240 

536 

ND< 39.1 ND< 
ND< 309 ND< 
ND< 494 ND< 
ND< 515 ND< 
ND< 49.4 ND< 
ND< 111 ND< 
ND< 202 ND< 
ND< 2470 ND< 
ND< 10300 ND< 
ND< 101 ND< 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit. 
Sample results corrected for train blank. 

TABLE 5-47. RADIONUCLIDES IN BLANK GAS SAMPLES (pCi/Nm^3) 

TRAIN BLANK 
Attdyt.2 N-21-NH4CN-718 

Pb-212 
lb234 
Pb-210 
Pb-211 
Ra-226 
Fb-228 
lb-229 
-Ill-230 
u-234 
u-235 

ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 
ND< 

25.8 
397 
417 
437 

57.6 
97.4 
219 

2190 
9740 
55.8 

25 
309 
287 
361 
35 
82 

152 
1640 

228 

12 
53 

180 
134 

12 
26 
43 

716 
3310 

268 

ND< = Not detected, value following ND< is detection limit. 
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5.7.2 Solid Sz-imo~ 

Radionuclides were measured in two solid streams. Results are shown for boiler feed 

coal (Location 1) in Table 5-48 and for SNOX baghouse ash (Location 24) in Table 5-49. 

TABLE 5-48. RADIONUCLIDES IN BOILER PEED COAL (LOCATION 1) (pa/g) 

Analyte JLl993BOPBD JL2293BOPBD JL2493BOPBD AVBRAGE DLRATIO SD 

Pb-210 1.99 1.62 2.42 2.0 0.40 
Pb-212 0.265 0.299 0.29 0.28 0.017 
Ra-226 0.482 0.414 0.59 0.50 0.089 
h-228 ND< 0.52 ND< 0.26 ND< 0.28 ND< 0.35 0.14 
Th-234 ND< 2.66 3.61 2.54 ND< 2.7 1.1 
Pb-211 ND< 2.2 ND< 1.5 ND< 1.7 ND< 1.8 0.36 
Th-229 ND< 0.8 ND< 0.66 ND< 0.69 ND< 0.72 0.074 
TM30 ND< 8.7 ND< 6.7 ND< 5.9 ND< 7.1 1.4 
u-234 27.7 ND< 29 ND< 24 ND< 29 8.4 
U-235 ND< 64 ND< 0.26 ND< 0.25 ND< 22 37 

DL Ratio = Detection Limit ratio. 
SD = Stmdard deviation. 
ND< = Not detected, value following ND< is detection limit. 

TABLE 5-49. RADIONUCLIDES IN BAGHOUSE ASR (LOCATION 24) (pCi/g) 

Amlyte lL1993BAGH JL2293BAGH JL2493BAGH AVERAGE DLRATIO SD 

Pb-210 23.6 28.8 22.4 25 3.4 
Pb-212 2.59 2.93 2.70 2.7 0.18 
Ra-226 6.44 7.56 6.65 6.9 0.60 
Ra-228 2.93 2.80 3.02 2.9 0.11 
Tll-234 12.2 12.1 10.5 12 0.95 
Pb-211 ND< 2.55 ND< 2.60 ND< 2.00 ND< 2.4 0.33 
Th-229 ND< 1.10 ND< 1.10 ND< loo ND< 1.1 0.058 
Th-230 ND< 14.0 ND< 13.0 ND< 12.0 ND< 13 1.0 
U-234 72.3 62.5 33.7 56 20 
u-235 0.754 0.615 0.575 0.65 0.094 

DL Ratio = Detection limit ratio. 
SD = Standard deviation. 
ND< = Not detected, value following ND< is detection limit, 
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5.8 Carbon Analvseq 

Carbon content of particulate matter in flue gas samples and in baghouse ash was 

measured and is reported in this section. 

Results of carbon determinations in particulate matter flue gas samples are shown in 

Table 5-50. The average carbon content of particulate matter in flue gas ahead of the 

baghouse was 3.0 percent. Following the baghouse, the. carbon content was less than about 

0.03 percent in particulate matter. The relatively low average value of 0.01 percent at 

Location 20 reflects the relatively high particle mass concentration that was measured at this 

location. 

TABLE S-50. CARBON IN FLUE GAS PARTICULATE SAMPLES (weight % dry) 

Location 7119 7122 7124 AVERAGE DLRATIO SD 

18 4.65 2.75 1.56 3.0 1.6 

19 ND< 0.00 c 0.04 0.05 0.03 0.026 

20 0.01 ND< 0.00 c 0.02 0.01 0.010 

21 0.06 0.04 ND< 0.00 c 0.033 0.031 

DLRatio = Detection limit ratio. 
SD = Standard deviation. 

ND < = Not detected, value following ND < is detection limit. 
C = Sample result 0 or negative after comction for train blank; 

detection limit not available so no contribution for detection limit in average. 
Sample results corrected for N-21-NH4CN-718 train blank. 
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Lg.2 Solid hDlDkS 

Results of carbon determinations are shown in Table 5-51 for dry baghouse ash 

(Location 24). The average carbon content of 8.1 percent is enriched compared to the 

average carbon content 3.0 of the particulate matter in the flue gas entering the baghouse. 

Analyt.5 JL1993BAGH JL2293BAGH JL2493BAGH AVERAGE DLRATIO SD 

carbtl 10.6 7.36 6.31 8.1 2.2 

DL Ratio = Detection limit ratio. 
SD = Stmdard deviation. 
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5.9 Ultimate/Proximate and Related Solid SamDIe Analvses 

Results from ultimate and proximate analyses of boiler feed coal (Location 1) are 

shown in Table 5-52. 

TABLE S-52. ULTlMATE/PROXlMATR RESULTS FOR BOILER FEED COAL (LOCATION 1) 

Amlyte lL1993BOFED JL2293BOFED JL2493BOFBD AVERAGE DL RATIO SD 

Proximate Analysis (as received), perccnt 

Moisrurr 

A& 
vohtite matter 

Fixed Carbon (di@ l 

SLdtiU 

UItimuc halysis (dry), percent 

Cti 

Nitrogen 

SUlhU 

Ash 

OryP cm * 

Heating Value, Bblnb 
As received 

DV 
MAF 

DL Ratio = Detection hit ratio. 
SD = SIamlard deviation. 

MAP = Moisture and ash free. 
* diff = Calculated by difierencc. 

6.15 5.97 5.63 5.9 0.26 
11.0 10.9 10.9 11 0.07 
33.8 34.3 34.7 34 0.43 
49.0 48.9 48.8 49 0.11 
2.51 2.40 2.52 2.5 0.07 

12.3 71.9 72.6 72 0.34 
4.89 4.84 4.79 4.8 0.05 
1 so 1.48 1.47 1.5 0.02 
2.67 2.55 2.67 2.6 0.07 
11.7 11.6 11.5 12 0.10 
6.93 7.64 6.95 1.2 0.40 

12249 12218 12306 122x7 45 
13052 12994 13040 13029 31 
14781 14692 14736 14736 45 
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5.10 Particulate Size Diiributiou 

The particle size distribution of baghouse ash is shown in Table 5-53. Two types of 

analysis were employed to yield the single cumulative distribution of particle mass by size. 

Screen sieves were used for the particle diameter range greater than 40 pm. This technique 

provides areal classification of particle diameter. For particle diameter less than about 40 

pm, a Coulter counter was used, which provides volumetric classification of particles to 

determine their diameters. 

The size distribution of suspended particulate matter in flue gas at the SNOX was 

measured in two different ways. At Locations 18 and 19, the inlet and outlet of the 

baghouse, respectively, cascade impactors were used to determine the particle size 

distribution. At Location 18, glass cyclones of 10 pm and 5 gm size cuts were also used 

upstream of the particulate Nter in the Multi-Metals (Method 29) train. Size distribution 

measurements were made at Location 18 with both methods on all three inorganic sampling 

days (i.e., July 19, 22, and 24). At Location 19 an impactor sample was taken on July 19, 

but visual inspection of the exposed impactor stages revealed no visible loading of particulate 

matter on any stage. This finding is due to the high collection efficiency of the baghouse, 

and the consequent low particulate loading at Location 19. To assure adequate measurement 

of particle size distribution at Location 19, new impactor stages were installed, and were 

used in sampling every day from July 21 through 24. This approach was an attempt to build 

up particulate loading on the impactor stages, to improve the validity of the size distribution 

measurement. 

Table 5-54 shows the impactor size distribution data from Location 18, the baghouse 

inlet. Impactors measure aerodynamic particle size. Shown in this table are the impactor 

stage designations, the size cuts for each stage in each sample run, the percent of particulate 

mass collected in each stage, and the cumulative percent of the mass collected in successive 

stages. Also shown is the average and standard deviation of the percent of particulate mass 

collected in each stage. Table 5-54 shows that the impactor size cuts were reproducible over 

the three runs, and that the measured particle size distribution was consistent. The 

particulate matter in the flue gas at this location was relatively coarse: 40 percent of the 

particulate mass was in particles greater than 8 pm in sire, and over 70 percent was greater 

than 4 pm. Figure 5-l shows a plot of the size distribution data. 
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As a quality assurance check, the total particulate loading determined by Method 29 

sampling at Location 18 was compared to that inferred from the sum of particulate mass 

collected on the several impactor stages. It must be noted that these two approaches are 

markedly different. Method 29 used isokinetic multi-point sampling over several hours in 

both vertical and horizontal traverses of the duct; sample volumes were 5 to 6 Nm3. In 

contrast, the impactor runs at Location 18 were isokinetic samples of 5 minutes or less 

duration at a single point in the duct; sample volumes were 0.03 to 0.06 Nm3. The 

comparison of the total loadings determined by the two methods is shown below. These 

results show that the impactor loading values are about two-thirds of the Method 29 results. 

Given the very different durations and approaches of the methods, this degree of agreement 

is considered satisfactory. 

Flue Gas Particulate Loading Measured at Location 18 fme/Nm3) 

Date Method 29 TmDactor 

7/19/93 2,213 1,372 
7122193 2,019 1,649 
7124193 2,265 1,296 

Table 5-55 shows the impactor size distribution data from Location 19, the baghouse 

outlet. The data are plotted in Figure 5-2. As noted above, these results come from two 

distinctly different sample runs. The impactor sampling on July 19 produced very little 

collected mass on the impactor stages, but represents a single sampling day. The impactor 

sampling that occurred on July 21-24 produced greater loading on the impactor stages, but 

was spread over four days, in which significant changes in the flue gas particulate matter 

may have occurred. For example, the flue gas particulate loading measured at Location 19 

was 3.0 mg/Nm3 on July 19 and 6.0 mg/Nm3 on July,22, but was 40.7 mg/Nm3 on July 24. 

Nevertheless, the two impactor runs produced similar results for the particle size 

distribution, indicating that about 50 percent of the particulate mass at this location is in 

particles larger than about 3.5 pm in diameter. Note that because only two runs were made, 

no standard deviation is shown in Table 5-56 for the percent mass collected by stage. The 

distribution at Location 19 (Table 5-55) is similar to that at Location 18 (Table 5-54), with a 

shift toward smaller particle sizes. 
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Comparison of total particulate loadings determined by Method 29 and by the 

impactor was also conducted for the data from Location 19. ,The differences between these 

methods noted above apply to sampling at Location 19 as well, with the exception that 

impactor sampling at Location 19 was conducted over extended time periods due to the low 

particulate loading at that location. The July 19 impactor run was for 2 hours with a sample 

volume of 1.76 Nm3. The July 21-24 impactor run was for a total of 12 hours with a 

sample volume of 8.67 Nm’. The comparison of Method 29 and impactor loading results 

from Location 19 is shown below, and indicates close agreement for the loading on July 19. 

The July 21-24 impactor result is lower than either the July 22 or July 24 Method 29 result, 

but is a credible value for Location 19, downstream of the baghouse. The comparability of 

Method 29 and impactor data for the second impactor run is questionable, because of the 

poor correspondence of the sampling periods. The impactor data do suggest that the value of 

40.7 mg/Nm3 obtained by Method 29 on July 24 is unusual for Location 19. 

Date 

7119193 
7122193 
7124193 

date Ja at Locz&gn 19 (mplNm3) 

ImDactor 

3.0 2.44 
. 6.0 

40.7 0.93 (July 21-24) 

The fractional collection efficiency of the SNOX baghouse filter was calculated as a 

function of particle size using the impactor data. The difference in the air volumes sampled 

for the baghouse inlet and outlet measurements were taken into account in calculating the 

efficiency. The average mass values collected by the impactor were used. The calculated 

results are shown in Figure 5-3. It is seen that the fractional efficiency ranges from 97 

percent for 0.2 gm particles to higher than 99.9 percent for 8 pm particles indicating that the 

inertial impaction and interception mechanisms appear to control particle removal. 

Table 5-56 shows the particle size distribution data from the cyclones and ftiter at 

Location 18. The sampling constraints at this location required a length of fiexible heated 

line connecting the sampling probe to the cyclones. because the combined probe and 

flexible line may collect some flue gas particles, the mass of particulate matter recovered in 
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the rinse of the probe and line is shown in Table 5-56 as a particulate fraction. Although the 

probe and flexible line are expected to collect primarily coarse particles, the size fraction of 

the probe rinse particulate matter is considered here to be undefined. Table 5-56 shows that 

about half of the particulate matter was removed in the probe and flexible line, and that less 

than 20 percent of the particulate matter was found at particle sizes smaller than 5 pm. 

These results are consistent with the more detailed size distribution data from the impactor 

sampling at Location 18, shown in Table 5-54. 
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Figure 5-l. Cumulative size distribution measured at the inlet to the SNOX baghouse. 
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Figure 5-2. Cumulative size distribution measured at the outlet to the SNOX baghouse. 

5-68 



x 

,” 
5 .- .0 z w 
El .- 
c = 
8 
al u .- r 
E 

100 

98 

96 

94 

92 

90 
10-l 1 o” 

Particle Diameter; micron 

10’ 

Figure 5-3. Fractional efficiency curve for SNOX baghouse removal of particulate matter. 
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6.0 DATA ANALYSIS AND INTERPRETATION 

To meet the objectives of the U.S. DOE and U.S. EPA in fulfilling Congress’ 

requirement for a study of emissions of HAPS from the electric utility industry, three types 

of calculations were performed on the data obtained for the SNOX process. Material 

balances were calculated for elements for the SNOX baghouse, SCR reactor, combined SQ 

reactor and WSA condenser, and entire SNOX system. These calculations provide 

information on the consistency of measurements of elements at the various sampling 

locations. Emission factors were calculated for alI types of substances that were measured. 

This information will be used by the U.S. EPA in evaluating the emissions levels of HAPS 

from coal-tired power plants. Finally, removal efficiencies were calculated for elements. 

This information wiLl be used by the U.S. DOE to evaluate the efficacy of advanced 

pollution control technologies. 

The material balance calculations for elements are presented in three. parts. First the 

assumptions that were made in performing the calculations are summarized. Then the results 

of the calculations are presented for each element. Finally, a short discussion of the 

calculations is provided. 

611 Material Balance CalculationS . . 

Assumptions necessary for calculating material balances for elements were identical 

to those required for the ash material balances (Section 3). However: 

l Consistent with instructions from DOE regarding the occurrence of “less than” 

values in the results of the element analysis, a value equal to one-half of the 

detection limit was used in the element material balance calculations when less 

than values were reported. 
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l Outliers in elemental concentrations (which are identified in Section 5 tables) 

were replaced with the average value from the remaining sampling days. All 

elemental concentrations determined on July 19 at Location 20 are considered to 

be outhers. Other outliers are identified in the discussion for the particular 

element. 

Table 6-l shows the material balance calculations for the one of the 21 elements of 

interest, aluminum. Material balances for each of the elements were performed in the same 

way, using a separate but identical spreadsheet for each element. Separate. material balance 

calculations are shown for the baghouse, the SCR reactor, the SOs reactor and condenser 

together, and the overall SNOX system. These four systems are identified in Figures 6-l 

and 6-2. The comments column gives details regarding the calculations. 

The inlet and outlet streams for each system are listed below along with the 

sampling location in parentheses: 

System Inlet Streams 

Baghouse Flue gas (18) 

SCR Reactor 

SOs Reactor- 
WSA Condenser 

Flue gas (19) 

Flue gas (20) 

SNOX Process Flue gas (18) 

Outlet Streams 

Flue gas (19) 
Baghouse catch (24) 

Flue gas (20) 

Flue gas (21) 
SO* reactor waste (23) 
Sulfuric acid (22) 

Flue gas (2 1) 
Baghouse catch (24) 
SOa reactor waste (23) 
Sulfuric acid (22) 

Table 6-2 shows the results of the material balance calculations for the 21 elements 

of interest. Figures 6-3 through 6-23 show the mass flow rate of elements in the inlet and 

6-2 



outlet streams for each of the four material balance systems. In Table 6-2, the material 

balances are expressed as the total output of material for all streams as a percentage of the 

total input of material. A value of 100 percent shows that an exact material balance was 

achieved. In some cases, the average value does not include one or more of the reported 

values for a specific element. This is noted in the table and discussed in the text. 

For each element, separate material balance results are shown for the baghouse, the 

SCR reactor, the SOa reactor and condenser, and the overall SNOX system. Only the 

material balance results for the baghouse and the overall SNOX system are discussed in 

detail. As can be seen from the results, the material balances for the SCR reactor and for 

the SO, reactor and WSA condenser were poor. Material balances across the SCR reactor 

and the SO, removal system involved low concentrations for most elements because of the 

high removal efficiency of the baghouse. Accurate concentration measurements at low 

concentrations are difficult, and hence the material balances were poor. Additionally, the 

concentrations of most elements measured at Location 20 were much too high, resulting in 

material balances across the SCR that were much greater than 100 percent and material 

balances across the SOs reactor and WSA condenser that were much lower than 100 percent. 

The questionable data from Location 20 are attributed to the poor sampling conditions at that 

location. In particular the results for July 19 yielded what are believed to be unrealistically 

high concentrations for several elements. Sampling problems pertaining to particulate matter 

on this day were discussed in Section 3. As a result, the reported material balances for the 

SCR reactor and for the combined SOa reactor and WSA condenser are not discussed or 

reported in summary tables for all elements except mercury which was essentially all in the 

vapor phase. 

Nevertheless, the results of the material balance calculations are shown for those 

cases where results are very poor and are the consequence of questionable data. This is done 

because the material balance calculations are diagnostic in character. That is, they show the 

level of consistency between measurements at various locations in the SNOX process. The 

following paragraphs summarize the results for each element. 

a. The aluminum content of the two streams exiting the baghouse equalled 

118 to 190 percent (average 142 percent) of the measured aluminum content of the flue gas 

6-3 



stream entering the baghouse. The relatively high value for closure of the material balance 

on the baghouse for July 19 resulted from the relatively low concentration of aluminum in 

the inlet stream on that day (about 123,000 pg/Nm3 compared to about 180,000 pg/Nm3 on 

the other two days). 

The closure on the material balances for the SCR reactor system and the combined 

SOa reactor and WSA condenser shows poorer results than for the baghouse. This problem 

is present for several elements for these two systems, and the material balance closures for 

these two systems, in general, are not commented on for the other elements. 

Considering the overall SNOX system, the aluminum content of the four streams 

exiting the system equalled 118 to 190 percent (average 142 percent) of the aluminum 

content of the flue gas stream entering the SNOX system. 

Because the reported concentration of aluminum at Location 21 on July 22 (second 

day) was labelled an outlier (Table 5-8), the average value from July 19 and 24 was used in 

is place to calculate the material balance for July 22. 

Potassium. The potassium content of the two streams exiting the baghouse equalled 

111 to 142 percent (average 129 percent) of the measured potassium content of the flue gas 

stream entering the baghouse. 

Considering the overall SNOX system, the potassium content of the four streams 

exiting the system equalled 111 to 141 percent (average 129 percent) of the potassium 

content of the flue gas stream entering the SNOX system. 

Titanium. The titanium content of the two streams exiting the baghouse equalled 

102 to 115 percent (average 110 percent) of the measured titanium content of the flue gas 

stream entering the baghouse. 

Considering the overall SNOX system, the titanium content of the four streams 

exiting the system equalled 102 to 115 percent (average 110 percent) of the titanium content 

of the flue gas stream entering the SNOX system. 

Silicon. A complete material balance could not be performed for silicon because the 

silicon content of some components of the sampling train (the cyclone and the filter catch) 
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were not analyzed for silicon. A material balance was performed using the available 

sampling train data; the results are subject to error. 

Based on the portions of the sampling train that were analyzed for silicon, the silicon 

content of the two streams exiting the baghouse equalled 156 to 203 percent (average 175 

percent) of the silicon content of the flue gas stream entering the baghouse. 

Considering the overall SNOX system, the silicon content of the four streams exiting 

the system equalled 154 to 201 percent (average 174 percent) of the silicon content of the 

flue gas stream entering the SNOX system. 

These results for silicon are consistent with the streams that control the material 

balance. For both the baghouse and the total SNOX process, the two streams that control the 

closure of the material balance are the inlet to the baghouse and the baghouse catch. The 

reported concentrations of silicon in the inlet stream was artificially depleted because the 

filter and cyclones could not be analyzed for silicon by the subcontractor laboratory. In 

contrast, the baghouse catch was not artificially depleted in silicon, and therefore the high 

closures reported in Table 6-2 are consistent with this line of reasoning. 

The reported silicon concentration for July 24 at Location 20 was labelled as an 

outlier. Because the reported concentration for July 19 (along with all other elemental data 

except mercury) at this location was also considered suspect, only the data from July 22 for 

silicon were used in calculating material balances for silicon. 

Sodium. The sodium content of the two streams exiting the baghouse equalled 158 

to 504 percent (average 294 percent) of the measured sodium content of the flue gas stream 

entering the baghouse. 

Considering the overall SNOX system, the sodium content of the four streams 

exiting the system equalled 167 to 479 percent (average 286 percent) of the sodium content 

of the flue gas stream entering the SNOX system. These results for the overall SNOX 

system track the reported closures for the baghouse. For both systems, the relatively low 

reported concentration of sodium in the inlet stream to the baghouse forced the closure on 

sodium to be high. For example, the ratio of concentrations of sodium to potassium in the 

feed coal and baghouse catch was about 117; whereas the concentration ratio in the fly ash at 

Location 18 was only about l/10. 
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The reported concentrations of sodium for July 22 at Locations 19 and 21 were 

labelled as outliers (Tables 5-4 and 5-8). Therefore the average values for July 19 and 24 

were used for these locations (except for Location 20 on July 19). 

The mercury content of the two streams exiting the baghouse equalled 83 bv. 

to 137 percent (average 106 percent) of the measured mercury content of the flue gas stream 

entering the baghouse. 

Note that the closure results for mercury for the SCR reactor system and the 

combined SOa reactor and WSA condenser system are quite consistent for the three days in 

contrast to the results for the other elements which generally show marked differences 

between the closures for July 19 and the other two days. A likely explanation is that 

mercury was almost entirely in the vapor phase whereas the other elements were 

predominantly in the solid phase. Problems reported in Section 3 with the particle filters at 

this location on July 19 caused the solid phase data to be suspect on this day at Location 20. 

Considering the overall SNOX system, the mercury content of the four streams 

exiting the system equalled 91 to 152 percent (average 118 percent) of the mercury content 

of the flue gas stream entering the SNOX system. 

Sm. The selenium content of the two streams exiting the baghouse equalled 

80 to 126 percent (average 100 percent) of the measured selenium content of the flue gas 

stream entering the baghouse. 

The reported closure on selenium for the combined system of the SOa reactor and 

WSA condenser is about 270 percent for the second and third days. This result is driven by 

high concentration of selenium found in the sulfuric acid stream. This carries over to the 

material balance closure for the entire SNOX system. 

Considering the overall SNOX system, the selenium content of the four streams 

exiting the system equalled 242 to 343 percent (average 287 percent) of the selenium content 

of the flue gas stream entering the SNOX system. 
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A&s&.e. The arsenic content of the hvo streams exiting the baghouse equalled 63 to 

89 percent (average 80 percent) of the measured arsenic content of the flue gas stream 

entering the baghouse. 

Considering the overall SNOX system, the arsenic content of the four streams 

exiting the system equalled 63 to 89 percent (average 80 percent) of the arsenic content of 

the flue gas stream entering the SNOX system. 

The cadmium content of the two streams exiting the baghouse equalled Cadmium. 

41 to 81 percent (average 52 percent) of the measured cadmium content of the flue gas 

stream entering the baghouse. Note that the shaded portion of the table for cadmium 

illustrates that cadmium concentrations in the flue gas exiting the baghouse are reported as 

below the detection limit. One-half the detection limit was used for these calculations for the 

flue gas outlet stream. 

Considering the overall SNOX system, the cadmium content of the four streams 

exiting the system equalled 40 to 99 percent (average 62 percent) of the cadmium content of 

the flue gas stream entering the SNOX system. 

Chromium. The chromium content of the two streams exiting the baghouse 

equaJkd 88 to I18 percent (average 101 percent) of the measured chromium content of the 

flue gas stream entering the baghouse. 

Considering the overall SNOX system, the chromium content of the four streams 

exiting the system equalled 88 to 118 percent (average 102 percent) of the chromium content 

of the flue gas stream entering the SNOX system. 

The reported concentration of chromium for July 24 at Location 19 was labelled as 

an outlier (Table 5-4). Therefore the average of the reported concentrations for July 19 and 

22 was used in its place to calculate a material balance. The reported concentration for July 

22 at Location 21 was labelled as an outlier (Table 5-8). Therefore the average 

concentration for July 19 and 24 was used in its place to compute a material balance for 

chromium across the condenser and the SNOX system for July 22. 
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Molvbdenum. The molybdenum content of the two streams exiting the baghouse 

equalled 52 to 141 percent (average 103 percent) of the measured molybdenum content of the 

flue gas stream entering the baghouse. The relatively high reported concentration of 

molybdenum in the inlet stream to the baghouse on July 19 (367 pglNm3 compared to 229 

and 207 pg/Nm3 on the other two days) produced the relatively low material balance closure 

for that day (52 percent compared to 116 and 141 percent on the other two days). At the 

same time, the argument could be made that the closure for the third day is about as high as 

the closure for the first day is low. 

Considering the overah SNOX system, the molybdenum content of the four streams 

exiting the system equalled 57 to 121 percent (average 108 percent) of the molybdenum 

content of the flue gas stream entering the SNOX system. 

m. A material balance could not be performed for boron because the flue gas 

samples were not snalyzed for boron. However, referring to Figure 6-8, the mass flow of 

boron into the SNOX process is estimated to have been 0.63 kglhr based upon the fraction of 

flue gas treated by the SNOX system. Fourteen percent of this left the process in the 

baghouse catch and sulfuric acid streams. The remainder is presumed to have been emitted 

out the stack. 

Only at the inlet to the baghouse are the antimony concentrations in the Antimony. 

flue gas reported as above the detection limits. The relatively good closure on the material 

balance for the baghouse (110 percent with a standard deviation of 23 percent) is evidence 

that compared to the reported concentrations of antimony in the inlet stream to the baghouse, 

the use of one-half the detection limit for the remainder of the flue gas streams throughout 

the SNOX system is a relatively good approximation to the concentration of antimony in the 

flue gas. The antimony content of the two streams exiting the baghouse equalled 89 to 135 

percent (average 110 percent) of the measured antimony content of the flue gas stream 

entering the baghouse. 

Considering the overall SNOX system, the antimony content of the four streams 

exiting the system equalled 89 to 135 percent (average 111 percent) of the antimony content 

of the flue gas stream entering the SNOX system. 
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w. The barium content of the hvo streams exiting the baghouse equalled 131 

to 161 percent (average 146 percent) of the measured barium content of the flue gas stream 

entering the baghouse. 

Considering the overall SNOX system, the barium content of the four streams 

exiting the system equalled 132 to 163 percent (average 146 percent) of the barium content 

of the flue gas stream entering the SNOX system. 

Bervllium. Note that most of the reported closures on material balances are shaded 

indicating that non-detection played a role in the reported concentrations. The beryllium 

content of the two streams exiting the baghouse equalled 100 to 124 percent (average 110 

percent) of the measured beryllium content of the flue gas stream entering the baghouse. 

Considering the overall SNOX system, the beryllium content of the four streams 

exiting the system equalled 101 to 125 percent (average 111 percent) of the beryllium content 

of the flue gas stream entering the SNOX system. 

&g~$. Several samples had concentration values reported as non-detected for lead. 

The lead content of the two streams exiting the baghouse equalled 105 to 164 percent 

(average 143 percent) of the measured lead content of the flue gas stream entering the 

baghouse. 

Considering the overall SNOX system, the lead content of the four streams exiting 

the system equalled 105 to 164 percent (average 143 percent) of the lead content of the flue 

gas stream entering the SNOX system. 

Manganese. The manganese content of the two streams exiting the baghouse 

equalled 90 to 116 percent (average 102 percent) of the measured manganese content of the 

flue gas stream entering the baghouse. 

Considering the overall SNOX system, the manganese content of the four streams 

exiting the system equalled 90 to 115 percent (average 102 percent) of the manganese content 

of the flue gas stream entering the SNOX system. 
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Nickel. The nickel content of the two streams exiting the baghouse equalled 92 to 

110 percent (average 101 percent) of the measured nickel content of the flue gas stream 

entering the baghouse. 

A calculation of the material balance for the combined system of the Sq reactor and 

WSA condenser was not made for July 22 because the reported concentration of nickel at 

Location 20 is believed to have been contaminated by stainless steel. 

Considering the overall SNOX system, the nickel content of the four streams exiting 

the system equalled 92 to 110 percent (average 101 percent) of the nickel content of the flue 

gas stream entering the SNOX system. 

The reported concentration for nickel for July 24 at Location 19 was labelled as an 

outlier (Table 5-4). Accordingly, the average value for July 19 and 22 was used to compute 

the material balance closure. The reported concentration for July 22 at Location 21 was also 

labelled as an outlier. Therefore the average concentration for July 19 and 24 was used to 

compute the material balance. 

Vanadium. The vanadium content of the two streams exiting the baghouse equalled 

95 to 120 percent (average 106 percent) of the measured vanadium content of the flue gas 

stream entering the baghouse. 

High closures on the SCR reactor are reported for July 22 and 24. This may have 

been caused by vanadium from the catalyst material becoming entrained into the flue gas 

stream exiting the SCR reactor. 

Considering the overall SNOX system, the vanadium content of the four streams 

exiting the system equalled 95 to 120 percent (average 106 percent) of the vanadium content 

of the flue gas stream entering the SNOX system. 

The copper content of the two streams exiting the baghouse equalled 100 Coooer. 

to 123 percent (average 112 percent) of the measured copper content of the flue gas stream 

entering the baghouse. 

High closures are reported for copper at the SCR reactor. The reported 

concentrations indicate that copper was picked up across the SCR reactor. 
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Considering the overall SNOX system, the copper content of the four streams exiting 

the system equalled 100 to 123 percent (average 112 percent) of the copper content of the 

flue gas stream entering the SNOX system. 

Q&g&. The cobalt content of the two streams exiting the baghouse equalled 80 to 

110 percent (average 96 percent) of the measured cobalt content of the flue gas stream 

entering the baghouse. 

The high closure for the Sq reactor and WSA condenser system on July 22 may be 

the result of contamination by stainless steel. Therefore this value was not used to calculate 

the average closure. 

Considering the overall SNOX system, the cobalt content of the four streams exiting 

the system equalled 80 to 111 percent (avenge 97 percent) of the cobalt content of the flue 

gas stream entering the SNOX system. 

Tables 6-3a and 6-3b report the material balance results in two ways for ease of 

interpretation. In these tables for the baghouse, the elements are listed in order 

alphabetically (Table 6-3a) and based on the ratio of the output to the input, (Table 6-3b). 

Tables 6-4a and 6-4b present the results for the entire SNOX system in the same fashion. 

Tables 6-3a and 3b show the material balances for the baghouse. It can be seen that 

balances within +SO percent (based on average values) were achieved for 18 of the 20 

elements and that balances within 225 percent were achieved for 13 of the elements. For 

one element (sodium), the quantity of the element found in the exit streams was nearly three 

times that reported entering the baghouse. For three of the five major elements (aluminum, 

potassium, and titanium), the balance for the boiler was within +45/-O percent. 

Tables 6-4a and 4b show the material balances for the overall SNOX system. It can 

be seen that balances within +SO percent were achieved for 17 of the 20 elements and the 

balance were within *20 percent for 12 of the elements. More than 150 percent of the 

incoming material was found in the exit stream for three elements. Three of the five major 

elements (aluminum, potassium, and titanium) produced material balances within 
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+50/-O percent. Unfortunately, for one of the other major elements (sodium) the exit stream 

accounted for nearly 380 percent of the incoming material. 

Results for the overall SNOX system tended to parallel the results for the baghouse 

alone. This occurs because the flue gas stream entering the baghouse and the baghouse catch 

represent most of the material flowing into and out of the system. Hence, these streams 

dominate other streams when conducting material balances. 

The consistently high material balance closures for vanadium, copper, nickel, 

chromium, and molybdenum across the SCR reactor suggest possible erosion of these 

materials from the SCR catalyst. Vanadium is known to be used in the SCR catalyst. 

However, the sample at Location 20 for 7/19/93 may have been contaminated with stainless 

steel. Other elements that are frequently alloyed with stainless steel, and which gave 

unusually high concentrations in the Location 20 sample include molybdenum, cobalt, and 

=w=r. 

5.2 Chlorine and Fluorine 

Chlorine and fluorine measurements were also analyzed for closure of mass balance 

in spite of the compromise in sampling for anions (i.e., single point isokinetic sampling, not 

traverse) and analytical procedures (water soluble anion concentrations were determined, not 

total chloride or fluoride). This was done to check the data for consistency among the 

various sampling locations. 

Chlorine 

Figure 6-24 illustrates the results for chlorine. The chlorine in the system at the 

inlet to the SNOX baghouse (location 18) was predominantly in the gas phase as hydrogen 

chloride (HCl). Its flow rate of 19 kg/hr (41 lblhr) was about 25 percent greater than the 

chlorine entering the boiler in the coal and then entering the SNOX system (about 29 percent 

of the flue gas flow or about 15 kg/hr). The chlorine content of the two streams exiting the 

baghouse equalled 86 to 141 percent (average 117 percent) of the measured chlorine content 

of the flue gas stream entering the baghouse. 
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Considering the overall SNOX system, the chlorine content of the four streams 

exiting the system equalkd 51 to 80 percent (average 63 percent) of the chlorine content of 

the flue gas stream entering the SNOX system. Results are summarked below: 

{ ’ B 

Svstem zllrueszlzzle2mAveraeeStd. 

Baghouse 86 125 141 117 28 
SCR Reactor 119 90 73 94 23 
SO, Condenser 57 71 50 59 11 
SNOX System 58 80 51 63 I5 

These data translate into average removal efficiencies of (17), 6, 41, and 37 percent 

for the four systems listed above. 

llte fluorine content of the two streams exiting the baghouse eqtalled 82 to 127 

percent (average 110 percent) of the measured fluorine content of the flue gas entering the 

baghouse. Considering the overall SNOX system, the fluorine content of the four streams 

exiting the system equalled 77 to 129 percent (average 103 percent) of the fluorine content of 

the flue gas stream entering the SNOX system. Although the average material balance for 

fluorine for ail systems was within 10 percent of perfect closure, the individual closures for 

the three days exhibited significant scatter as shown below. 

Svstem 

Baghouse 
SCR Reactor 
SOa Condenser 
SNOX System 

M IBalance r 

zLlL?LBm zla?L%i AveraeeStd. 

82 127 122 110 24 
155 71 50 59 11 
80 144 69 98 41 

102 129 77 103 26 
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These results translate into average removal efficiencies of (lo), (6), 2.2, and 2.6 percent for 

the four systems listed above. 

6.3 

Emission factors were calculated for substances leaving the SNOX system. In this 

section the procedures used to calculate emission factors are summarized. Then the results 

of the calculations are presented. 

6.3.1 Emission Factor Calculations 

Daily emission factors Q were calculated as follows: 

E, pg/MJ = Substance loadhe. ue/Nm3 x Flue PBS flow rate. Nm31min. x 60 min./hr 
Fig rate. MJ/ix 

where the firing rate in IvlJlhr equals the firing rate in 106 Btulhr times 1,055, and Nm3 

equals normal cubic meters. 

E, IbllO’* Bhl = Substance loadimt. &Nm’ x Flue eas flow rate. Nm3hin. x 60 minhr 
1,000,OLXl pglg x 454 g/lb x Firing rate, IO’* Btuhr 

In these equations, the term substance loading refers to the concentration of a particular 

substance. These equations account for the fact that only a portion of the flue gas generated 

in the boiler enters the SNOX system. (This is accounted for in the coal firing rate which 

was adjusted from full boiler conditions to the stream entering the SNOX process.) 

Because Location 21 at the outlet of the SNOX system did not provide a good 

location at which to measure the flue gas flow rate accurately, the flue gas flow rate 

measured at Location 18 ahead of the baghouse was used as the basis for the flue gas flow 

rate in the two equations listed above. The value of the flue gas flow rate at Location 18 

was corrected to account for leakage of air into the system and for the flow rate of the two 

support burners ahead of Location 21. 
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An example calculation for an emission factor is shown below. This example 

illustrates both the calculation procedure and the location of the data in the report. This 

example calculation is for mercury on July 19, 1993. 

E&pJ&: 

Mercury loading in stack gas = 36.2 pgg/Nm3 (Table 5-8, page 5-16) 

Stack gas flow rate = 2,099 Nm3/min at stack oxygen (Table 3-13b, line 10, 

page 3-30) 

= 2,099/1.2013 Nm3 at 3 percent oxygen (oxygen 

content was 6 percent from Table 2-2, page 2-17) 

= 1,747 Nm%nin 

Coal feed rate Boiler No. 2 = 91,700 lblhr (Table 2-4, page 2-19) 

Equivalent coal feed rate SNOX = 91,700 x 0.281 (Table 2-6, page 2-23) 

= 25,800 lb/hr 

Firing rate for SNOX = 25,800 lblhr x 12,249 Btu/lb (Table 5-52, page 5-58) 

= 3.16 x lo* Btulhr 

= 3.16 x lo4 (10” Btulhr). 

Therefore the emission factor for mercury is 

E= 36.2 uelNm3 x 1.747 Nm3/min x 60 min/hr 
1 x IO6 rg/g x 453.6 g/lb x 3.16 x lo4 (lOI Btu/hr) 

E = 26.5 lb/lOt’ Btu. 

This result can be found in Table 6-5 for mercury on July 19. The same emission 

rate can be calculated in pg/mJ by converting the firing rate to MJlhr, i.e. 

Firing rate = 3.16 x lo* Btu/hr x 1.055 x 10” MVBtu 

= 3.33 x 16 MJ/hr 

Then 

E= 36.2 in/hr 
3.33 x Id M.Vhr 

E = 11.4 pg/MJ. 

6-15 



This value can be found in Table 6-6. 

6.3.2 Emission Factor Results 

Calculated emission factors are listed in Table 6-5 through 6-18. Shown are the 

daily emission factors, the average value and the estimated uncertainty (f 95% confidence 

interval) in the average value for each emission factor. The estimated uncertainty was 

calculated according to procedures summarized in Appendix G. 

5,3.3 Discussion of Emission Factors 

The average value of the emission factors for several of the trace elements was in 

the range 0.2 to 1 lb/lo” Btu. The estimated uncertainty range varies from about 20 to 300 

percent of the average values and is comprised principally of uncertainty due to error in 

precision. The bias component of the total uncertainty generally is about a tenth of the 

precision error for these. elements. 

Manganese has a reported average emission factor of 2.6 * 3.2 lb/lO’z Btu. The 

average emission factor for molybdenum is 5.4 + 3.7 lb/IO’* Btu. The estimate of the 

upper limit bias accounts for about 10 percent of the reported uncertainty for manganese and 

about two percent for molybdenum. The precision error makes up the remainder of the 

estimated total uncertainty. 

The average reported emission factor for mercury is 22 f 13 Ib/lO’* Btu. The 

estimated bias accounts for about 18 percent of the estimated total uncertainty. 

Reported average emission factors for the major elements aluminum, potassium, and 

sodium exhibit considerable scatter and therefore estimated uncertainty. Furthermore the 

emission factor for silicon is known to be biased low because silicon was not analyzed in the 

cyclone and filter portions of the sample. Therefore it is not reported. 

Average emission factors for solid phase anions range from 2 lb/lo’* Btu for 

phosphate to 57,000 lb/lO’* Btu for sulfate. The sulfate emission may reflect sulfuric acid 

mist leaving the condenser in the SNOX system. Chloride and fluoride are reported as 25 
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and 157 lb/lO’* Btu, respectively. The emission factors for solid phase anions in flue gas 

were determined from single point sampling in the duct, not traversing. 

Gas phase substances ammonia, cyanide, hydrogen chloride, and hydrogen fluoride 

have reported average emission factors of 181, 157, 82,400, and 6,630 lb/lo’* Btu. The 

contribution of bias to the estimated total uncertainty for these emission factors is 4, 20, 22, 

and 35 percent, respectively. 

The reported average emission factors for radionuclide activity generally reflect non- 

detected values. The emission factors range from a low of 6.38 mCi/lO’* Btu for Pb*‘* to 

1,680 mCi/lO’* Btu for U*“. 

For volatile organic compounds, the reported average emission factors range from 

about 3 to 9 lb/lo’* Btu with most values reported as 3 lb/lO’* Btu based upon non-detected 

compounds. Emission factors for the four aldehydes range from 8 to 388 lb/IO’* Btu. 

Emission factors for the semivolatile organic compounds range from about 0.0007 to 0.3 

lb/IO’* Btu. 

64 -Elfieiencies 

Removal efficiencies for elements were calculated for the SNOX baghouse and for 

the entire SNOX system. These calculations are summarized in three parts. The procedures 

used to calculate removal efficiencies are followed by a presentation of the results of the 

calculations. Discussion of the results follows. 

6.4 1 R -Efficiencv 

Removal efficiencies were calculated separately for each element for on each 

inorganic sampling day. Calculations were made separately for the baghouse, the SCR 

reactor, the SGz reactor and WSA condenser, and for the overall SNOX system. The 

calculation for removal efficiency (RE) in the baghouse was: 

RE, percent o pkss flow rate. banhouse inlet - Mail flow rate. baehouse outlet> x 100 
Mass flow me. bat$mse inlet 
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where the term mass flow rate refers to the mass flow rate of a specific element in the flue 
g= 

The calculation for removal efficiency (RR) for the SCR reactor was: 

RE. ptxcent = mass flow rate SCR reactor ‘n et - 1LxJ 
Mass flow rate, SCR reactor inlet 

The calculation for removal efficiency (RE) for the SO, reactor and condenser was: 

RE, percent = mass flow rate. SO, reactor inlet - Mass flow rate. SO,-condenser outlet1 x 100 
Mass flow rate, SO2 reactor inlet 

The calculation for removal efficiency (RR) in the overall SNOX system was: 

RE, peFcent = w ass ow rate ba house.’ 
Mass flow rate. baghouse i&t 

A sample calculation of removal efficiencies for aluminum is included in the sample mass 

balance calculation shown in Table 6-1. 

6.4.2 Removal Efticiencv Results and Discussiou 

Table 6-19 presents calculated removal efficiencies for each of the elements. The 

same substitutions for outliers were made for the calculations of removal efficiencies as were 

made for material balances. If a removal efficiency for an element on a specific day was 

negative and judged to be outside of random error, it was marked with an asterisk and not 

used to calculate the average removal efficiency. Tables 6-20a&b and 6-21a&b present the 

removal efficiencies for the baghouse and for the overall SNOX system in decreasing order 

of removal efficiency and in alphabetical order. 

Because of sampling problems discussed above, calculated removal efficiencies for 

the SCR reactor and for the SOa reactor and condenser generally were not meaningful. 

Hence, these results are not discussed in the following paragraphs. 
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Removal efficiencies in the baghouse for 16 of the 20 elements were greater than 99 

percent, and removal efficiencies for 17 of the 20 elements were greater than 98 percent. 

Only mercury and selenium gave low removal efficiencies, although the removal efficiency 

for sodium was only 80 percent. 

Removal efficiencies in the overall SNOX system for 16 of the 20 elements were 

greater than 99 percent, removal efficiencies for 18 of the 20 elements were greater than 95 

percent. Only mercury gave a low removal efficiency, -13 percent. 
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TABLE 6-2. MATERIAL BALANCE RESULTS FOR ELEMENTS (Percent)(‘) 

Element Svstem l/19/93 l/22/93 II24193 Averaee 
Standard 

Deviation 

Aluminum Baghouse 190 118 118 

AlUtiUUl SCR Reactor 123# 301 46 

Aluminum SO, Condenser lOl# 15# 42 

Alumhlunl SNOX System 190 118# 118 

Potassium 

Potassium 

Potassium 

Potassium 

Baghouse 

SCR Reactor 

SO2 Condenser 

SNOX System 

135 111 

llO# 337 

142 

26 

72 

141 

Titanium Baghouse 

Titaoium SCR Reactor 

Titanium SO2 Condenser 

Titanium SNOX System 

113 115 

112# 180 

102 

113 

87 

102 

Silicon Baghouse 203 167 156 

Silicon SCR Reactor lOl# 99 86 

Silicon SO2 Condenser 0.6*# 0.7 0.6# 

Silicon SNOX System 201 166 154 

Sodium Baghouse 220 187# 504 

Sodium SCR Reactor 107# 71Y 47 

Sodium SO2 Condenser 15*# 7# 46 

Sodium SNOX System 212 157# 479 

142 41 

129 16 

158 161 

110 7 

135 39 

175 24 

95 8 

0.6 0 

174 24 

303 125 
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TABLE 6-2. (Continued) 

Mercury 

Mercury 

Mercury 

Mercury 

Baghouse 83 98 137 106 28 
SCR Reactor 99 111 93 101 9 

SO2 Condenser 137 83 120 114 28 

SNOX System 112 91 1.52 118 31 

Selenium 

Selenium 

Selenium 

Selenium 

Baghouse 

SCR Reactor 

SO* Condenser 

SNOX System 

Arsenic 

Arsenic 

Arsenic 

Arsenic 

Baghouae 

SCR Reactor 

SO2 Condenser 

SNOX System 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Baghouse :~~~~~~~~~~~:;~~~~~~~:~~ ~.:.>>.~~.~+~:.:.:.:<.:.~.~:.:.:.:.:.x.:<,. ?W “r” s ‘V ‘~~~~~~~~~~~~~~~~~~~~~~~~.~.~~~*~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~: %...... ...>.. .x.,xI:.:*.~,.“,.~ .,./ :,. ~‘:~::.-:~:~~~~~~,, ., ~~~~~~~:~:~,;:,:I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~..~,~~~~:~~,sr~~“~~ ~ &,<& ” * : ;.;:.;..:. “-;~~~.,~...~..~~~~~~~~..~~~~.?.: . :. .,.. :,:... .._ ..~ ..~ _... .._j I _...... .j _ ‘“~~~~~~~~~~~~~,~~,~~.~,.... . 8:l.“*x*,:......... . .‘“.ww .L . ..:l.:.:< .>... I**.<* %..G ,B : . <.“i”)i.~...~ :. :> :. I, ..I.. ~.: ,... q,$,*< ..:~~~:~~l:‘;~~~~~~:~’ . . . . . . . . . . y.:I:< ..,.....,.. ,,,, . iir ,.....: ,..,,........ ,<<& . . . . . . . I. _ I I . . . . . . . . . ..; 
SCR Reactor 

. .._..._ __ ,.,.,.,.,.,.,.,.,.,.,.,.,,,.,.,. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
**~%w,~*%*?><. :~. ’ ~~~~~~I~~~~:: ~~~-;-.,~~~~:~*:~~:~~?~::~~:;.~...... ‘w*;?. : ., ..~,..:.~i~:.~:~~.~.~:::~.:.~~:.:~.:.~;:~:~::~:::.:::::::::::::.;:::..:~..:..:::~~:.~::::::~::.:~.:.::~:::~,~:~ ..: 9.:>.*.:.. ..~:.:.~:.:.~:.:~:,:.:,.~.:~.:::~:::..::::~:::::,.~:::~~::j~;:~:~~;~~~.~,,~ ,:,: ,,,,, 

SO2 Condenser 
_ . :.~:.:.:.,:~;I::::--~~:~ .:*.p . . . . :,: ,..... :...:::;,-:~~,;;::,.,:,~ __ y-,,,;:,;; ~‘~.~‘~‘~‘~..:‘.‘...:....:.: ‘.,I”‘.:.:.:.:.:.:.:.:.:~:.:<.:.:~**x<,:.:.:.>~ ./ .,.> ,.,.,. .,) ;;,:; .: 

766# ~~~~~~~~rs~~~~~~~~~~~~~~~~~~~~~~~~~~.~ /......../, -...>..y 1.::::” . I.:~.i~::::~::?:::?~::::?:::~~~-: ..F............, :,:::.:::,:,:,: ,,,,., I,i8 /:,.,,,; ,,,,,,, [,~,,,,,= ~ ” 2 ,.,.... ~~~.i .< 1 :....:.. A . ,.. :.:.:.~~“‘~~~~ 
SNOX System 47 ~~~~.~~~~~~~~~~~~~~~~~ 

:~~~~~~;~~~~~~~~;s:~~~~~:~~:i;:~~~.:?~~~~~:~,~ ...,. :,,: ,,~,,L ;:;*:..;..& ..,... ..I.. -., . -..w&i!A.>.” ,.: .:y,:$R.l? ..,... j . * . . . . . 

Chromium 

cluomium 

chromium 

chromium 

Baghouse 

SCR Reactor 

SOa Condenser 

SNOX System 

Molybdenum Baghouse 
Molybdenum SCR Reactor 

Molybdenum SO2 Condenser 
Molybdenum SNOX System 

80 126 94 100 24 

125# 111 129 122 9 

274# 271 270 272 2 

242 343 275 287 51 

63 88 89 80 15 

8*% 20 3 10 9 

88 98 118# 101 16 

606# 271 460# 446 168 
72# 94# 91 85 12 

88 98# 118 102 15 

52 116 141 103 46 
424# 426 339 396 50 

237*# 138 126 132 NC 
57 121 145 108 45 
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TABLE 6-2. (Continued) 

Boron 

Boron 

Boron 

Boron 

AntimoIly 

AtlthIly 

Antimony 

Antimony 

Barium 

Barium 

Barium 

Barium 

Beryllium 

Beryllium 

Beryllium 

Beryllium 

Lead 

Lead 

Lead 

Lead 

Manganese 

Manganese 

Manganese 

Manganese 

Baghouse NA NA NA NA NA 
SCR Reactor NA NA NA NA NA 

SO2 Condenser NA NA NA NA NA 

SNOX System NA NA NA NA NA 

Baghouse 

SCR Reactor 

SO, C0ndense.r 
SNOX System 

Baghouse 161 131 145 146 15 

SCR Reactor 64# 370 13 149 193 

Sq Condenser 

SNOX System 

Baghouse 

SCR Reactor 

S& Condenser 

SNOX System 
923 *# 

‘g 

&LA._ .-,..-_ _ _ ., ,>.,+y& 
101 108 ~~~ 

Baghouse 

SCR Reactor 24s~ # 

SO2 condenser :::;z ‘x9;* 
SNOX System $$$j 

Baghouse 90 101 116 102 13 

SCR Reactor 47ov 140 261 201 NC 
SO2 Condenser 43# 198 26 89 95 

SNOX System 90 102 115 102 13 
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TABLE 6-2. (Continued) 

Nickel 

Nickel 

Nickel 

Nickel 

Vanadium 

Vanadium 

Vanadium 

Vanadium 

COPPer 
Copper 

Copper 
Copper 

Cobalt 

Cobalt 

Cobalt 

Cobalt 

SO2 Condenser 82# 166# 214 154 67 

SNOX System 92 o# 110 101 9 

Baghouse 

SCR Reactor 
s(& condenser 

SNOX system 

Baghouse 100 112 123 112 12 

SCR Reactor 1,130# 1,133 800 1,020 191 

SO, Condenser 12# 9 10 10 2 

SNOX System 100 112 123 112 12 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

NC = Not calculated 

NA = Not available 

# Based upon a value substituted for an outlier. 

* Value not used to calculate average. 
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TABLE 6-3a. MATERIAL BALANCE RESULTS FOR BAGHOUSE, ALPHABETICALLY 
(Percent)(~) 

Element 7119193 7122193 1124193 Average 
Standard 

Deviation 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Sodium 

Titanium 

63 88 89 80 15 

NA NA NA NA NA 

90 101 116 102 13 

83 98 137 106 28 

52 116 141 103 46 

135 111 142 129 16 
80 126 94 100 24 

203 167 156 175 25 

220 187# 504 303 125 
113 115 102 110 7 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

# Based upon a value substituted for an outlier. 
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TABLE 6-3b. MATERIAL BALANCE RESULTS FOR BAGHOUSE BY 
PERCENTAGE IN BALANCE (Percent)(‘) 

Element 

Boron 
Cadmium 

Arsenic 

Cobalt 

Selenium 

Nickel 

Chromium 

Manganese 

Molybdenum 

Mercury 

Vanadium 

Titanium 

Beryllium 

Antimony 

Copper 

Potassium 

Lead 

Barium 

Silicon 

Sodium 

7119193 l/22/93 7124193 Average 
Standard 

Deviation 

NA NA NA NA NA 

90 101 116 102 13 
52 116 141 103 46 

83 98 137 106 28 
~~~~~~~~~~~~~~ 103 . ..~~r.ll.-r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

100 112 123 .l 12 12 

135 111 142 129 16 
190 118 II8 142 41 

161 131 145 146 15 
203 167 156 175 25 

220 l87# 504 303 125 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

# Based upon a value substituted for an outlier. 
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TABLE 6-4a. MATERIAL BALANCE RESULTS FOR THE SNOX SYSTEM, 
ALPHABETICALLY (Percent)o’ 

Boron 
Cadmium 

Chromium 
Cobalt 

Copper 

Lead 

Manganese 90 102 115 102 13 

Mercury 112 91 152 118 31 

Molybdenum 57 121 145 108 45 

Nickel 92 lOO# 110 101 9 
Potassium 135 ~~~~~~~~~~ 14 l ~~~,~~:~~~~~~~~~~~~~~~~~~~ 

Selenium 242 343 275 287 51 

Silicon 201 166 154 174 24 

Sodium 

Titanium 

Vanadium 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

# Bsed upon a value substituted for an outlier. 
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TABLE 64b. MATERIAL BALANCE RESULTS FOR SNOX SYSTEM BY 
PERCENTAGE IN BALANCE (Percent)‘“) 

Element 

Boron 

Cadmium 

Arsenic 

Cobalt 

Manganese 

Nickel 

Chromium 

Vanadium 

Molybdenum 

Titanium 

Antimony 

Beryllium 

Copper 

Mercury 

Potassium 

Aluminum 

Lead 

Barium 

Silicon 

Sodium 

Selenium 

7119193 7122193 7124193 Average 
Standard 

Deviation 

90 102 115 102 13 
92 IOW 110 101 9 

100 112 123 112 12 

112 91 152 ii8 31 

(a) Shaded values indicate at least one nondetect value was used in calculating the result. 

# Based upon a value subsituted for an outlier. 
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TABLE 6-5. EMISSION FACTORS FOR ELEMENTS (WIOaIZ BTU) 

AtldVtC. N-21-MUM-719 N-21-MUM-722 N-21-MUM-724 AVERAGE TU 

Aluminum 347 # 130 240 

Potassium 195 ND< 0.685 * 35.3 77 #U 
Sodium 477 # 303 390 

Titanium 2.64 ND< 0.0495 * 1.08 1.3 ## 

Barium 
Beryllium 

Boron 
Cadmium 

Chromium 
cohdt 

CoPper 
Lead 

Mmgmeee 
MITCU~ 

Molybdenum 
Nickel 
Selenium 
Vanadium 

ND< 0.465 ND< 0.500 ND< 0.540 ND< 0.50 0.50 
ND< 0.465 ND< 0.500 ND< 0.540 No< 0.50 0.50 

0.445 ND< 0.0342 * ND< 0.0379 * 0.17 #U 0.59 
0.275 0.181 ND< 0.0583 * 0.17 ## 0.27 

NA NA NA NA NA 
0.168 ND< 0.0503 l ND< 0.0583 l 0.092 xu 0.16 

3.13 x 4.65 3.9 NC 
ND< 0.201 X ND< 0.233 ND< 0.22 NC 

1.08 1.01 0.565 0.89 0.70 
No< 0.233. ND< 0.250 + 1.10 0.53 #U 1.2 

1.79 4.10 2.05 2.6 3.1 
26.5 16.0 22.1 22 13 
5.04 7.05 4.23 5.4 3.6 

0.763 x 3.61 2.2 NC 
1.04 . 0.446 0.518 0.67 0.80 

ND< 0.100 ND< 0.101 ND< 0.117 ND< 0.11 0.11 

TU = Total uncertainty (95% confidence limit). 

NA = Not analyzed. 
ND < = Ardyte not detected. 

NC = Not ulculeted. 
l = Emission factor calculated using one half of the detection bit. 

X = Outlier &ta (see section 5), not used in calculation. 
## = Average emission factor include-s one or two non-detects out of thee measurements. 

NC 

257 
NC 

3.2 
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TABLE 6-6. EMISSION FACTORS FOR ELEMENTS (J@MJ) 

AndVte N-21-MUM-719 N-21-MUM-722 N-21-MUM-724 AVERAGE TU 

Aluminum 

Sodium 

Titanium 

149 # 55.9 100 NC 

84.0 ND< 0.295 l 15.2 33 ## 111 
205 # 130 72 NC 
1.14 ND< 0.0213 * 0.47 0.54 a# 1.4 

Antimony ND< 0.200 ND< 0.215 ND< 0.232 ND< 0.22 
Arsenic ND< 0.200 ND< 0.215 NIX 0.232 ND< 0.22 

Barium 0.191 ND< 0.0147 * ND< 0.0163 * 0.074 #a 
Beryllium 0.118 0.0779 ND< O.Wl * 0.074 ## 
Boron NA NA NA NA 
Ckdmium 0.0724 ND< 0.0217 * ND< 0.0251 * 0.040 ## 
Chromium 1.35 # 2.00 0.72 
cobalt No< 0.0864 # ND< 0.100 ND< 0.040 

CoPper 0.466 0.436 0.243 0.38 
Lad ND< 0.100 * ND< 0.108 * 0.474 0.23 ## 
Manganese 0.771 1.76 0.881 1.1 
Meremy 11.4 6.89 9.51 4.0 

Molybdenum 2.17 3.03 1.82 2.3 
Nickel 0.328 % 1.55 0.40 

Selenium 0.446 0.192 0.223 0.29 
Vanadium ND< 0.0432 ND< 0.0433 ND< 0.0502 ND< 0.046 

TU = Total uncertainty (95% confidence limit). 

NA = Not analyzed. 

ND < = Anilyte not detected. 

NC = Not calculated. 

* = Emission factor calculated using one half of the detection limit. 

% = 0utlie.r data (see section 5). not used in calculation. 
## = Average emission factor includes one or two nondetects out of three measurements. 

0.22 

0.22 

0.25 
0.12 

NA 
0.070 

NC 
NC 

0.30 
0.53 

1.4 
5.6 

1.6 
NC 

0.35 
0.046 
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TABLE 6-7. EMISSION FACTORS FOR AMMONLAICYANIDE (lbll0.U RTU 

N-21-NH4-719 N-21-NH4-722 N-21-NH4-724 

Analvte N-21-CN-719 N-Zl-CN-722 N-21CN-724 AVERAGE TU 

Ammonia 49.1 x 62.2 56 NC 
Cyanide 133 145 194 157 82 

TU = Total uncertainty (95 % confidence limit). 
NC = Not calculated. 

t = Outlier data (see section 5). not used in calculatiw. 

TABLE 6-8. EMISSION FACTORS FOR AMMONIA/CYANIDE Gy/MJ) 

N-21-NIM-719 N-Zl-NH4-722 N-21-NW-724 
Aoalvtc N-2lCN-719 N-Zl-CN-722 N-21-CN-724 AVERAGE TU 

Ammonia 21.1 x 26.8 10 NC 
Cyanide 57.1 62.3 83.3 68 35 

TU = Total uncertainty (95 96 cofidmcs limit). 
NC = Not calculated. 
# = Outlier data (see sstion 5). not used in calculation. 
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TABLE 6-9. EMISSION FACTORS FOR ANIONS ObllO’lZ BTU) 

AodytC N-21-FCL-719 N-21-FCL-722 N-21-FCL-724 AVERAGE l-u 

Hydrogen Chloride 79800 lOWOO 67400 82400 41800 

Hydrogen Fluoride 6730 7370 5780 6630 2110 

Chloride (Particulate) ** 4.82 ND< 6.10 * 62.7 25 ## 82 

Fluoride (Particulate) ** 446 4.24 20.6 157 621 

Phosphate (Particulate) ** 3.46 ND< 0.610 * ND< 1.99 * 2.0 ## 3.5 

Sldfate (PaIticolate) l * 45400 39500 woo 56600 61700 

TU = Total uncertainty (95% confidence limit). 
ND c = Analyte not detected. 

+ = Emission factor calculated using ooe half of the detection limit. 

** = Sampling for anions was conducted et P single point in tbe duct; traverses were not made. 
## = Avenge emission factor includes one or hvo nondetects out of the measurements. 

TABLE 6-10. EMISSION FACTORS FOR ANIONS (rs/MJ) 

Analyte N-21-FCL-719 N-21-FCL-722 N-21-FCL-724 AVERAGE l-u 

Hydrogen Chloride 34300 43000 29ooO 35500 18WO 

Hydrogeo Fluoride 2900 3170 2490 2850 910 

Chloride 2.08 ND< 2.62 27.0 11 35 
Fluoride 192 1.83 8.85 68 267 

Phosphate 1.49 ND< 0.262 ND< 0.855 0.87 1.5 
Solfate 19500 17000 36600 24400 26600 

TU = Total oocerteioty (95% confidence limit). 
ND< = Annlytc not detected. 
* = Emission factor calculated using one half of tbe detection hoif. 

l * = Sampliog for anions was conducted at P single point in the duct; traverses were oat made. 
## = Average emission factor iocludes ooe or two non-detects out of three measurements. 
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TABLE 6.11. EMISSION FACTORS FOR VOC (lb/1072 BTU-J 

AnalVtc N-Zl-VOC-718 N-21-VOC-721 N-Zl-VOC-723 AVERAGE TU 

Chloromdhanc 

Bromomcthanc 
Vinyl Chloride 

CblOlCdhNlC 

Metbyknc Chloride 

ACdOnC 
th-bon Diiultide 

l,l-Dichlomethenc 

l.l-Dichlomethanc 

tnnrl.2-Dichlomethcne 

Chlomfoml 

1,2-Diohlomdbane 
2-Butsnone 

1 .l ,I-Ttishlom&ane 

Carbon Tctrachloridc 

Vinyl Acetate 

Bmmodichlomm&anc 

1.2-Dichlompmpane 

cis-1,3-Dichlompmpylnc 

Trkhlometbac 

Dibmmochlommethane 

1 ,1,2-Triohlometbanc 

Buv.cnc 

bans-1,3-Dichlompropylene 

2-Chlomahylvinylcther 

Bmmoform 
4-Methyl-Z-Rntanone 

2-Heunonc 

Tearachlomcthenc 

1.1,2.2-Te4rachlom&ane 
TOIUUIC 

ChhX-OhUl~C 

Ethylbenzene 

styrmc 

Xylma (TOtal) 

433 

ND< 5.70 l 

ND< 5.29 ND< 

ND< 2.65 * ND< 

NC 

NC 

ND< 5.70 l ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 2.65 * 
3.63 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

11.8 

ND< 5.29 ND< 

ND< 5.29 ND< 
6.39 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

ND< 5.29 ND< 

149 

13.1 

7.39 

3.70 

NC 

NC 

7.31 

7.39 
7.39 

7.39 

1.39 

7.39 

14.6 

7.39 

1.39 

7.39 
7.39 

1.39 

7.39 

1.39 
7.39 

9.64 

5.96 

7.39 

7.39 

7.39 

1.39 

41.6 

7.39 

7.39 

ND< 
1 

. 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
2.91 l 

7.39 ND< 
1.39 ND< 

1.39 ND< 
7.39 ND< 

72.4 

9.92 

4.86 

3.94 

NC 

NC 

3.30 

4.86 

4.86 

4.86 

4.86 

4.86 
4.86 

4.86 

4.86 

4.86 

4.86 

4.86 

4.86 

4.86 

4.86 

2.43 l 

7.16 

4.66 

4.86 

4.86 

4.86 

2.43 l 

4.86 

4.86 

2.52 

4.86 
4.86 

4.86 

4.86 

TtJ = Total uncertainty (95% confidence Limit). 

ND < = Analyte not dcrcctcd. 
NC = Not c&ulated. 

l = Emission factor ukuktcd using one half of the detection limit. 
WI = Avenge emission factor included one or two nondacctl out of thrcs measumment~. 
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ND< 

ND< 
ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

218 472 

9.6 M 9.3 
5.8 5.8 

3.4 ## 1.8 

NC NC 

NC NC 

5.4 xn 5.0 

5.8 5.8 

5.8 5.8 

5.8 5.a 

5.8 5.8 

58 5.8 
a.3 a.3 

5.8 5.8 

5.8 5.8 

5.8 5.8 

5.8 5.8 

5.8 5.8 

5.8 5.8 

5.8 5.8 

5.8 5.8 

4.9 ta 10 

5.6 4.5 

5.8 5.8 

5.8 5.8 

5.8 5.8 

5.8 5.8 

19 xx 51 
5.8 5.8 

5.8 5.8 
3.9 au 5.3 

5.8 5.8 
5.8 5.8 

5.8 5.8 

5.a 5.8 



TABLE 612. EMISSION FACTORS FOR VOC l,@MJl 

Analyte N-21-VOC-718 N-21sVOC-721 N-Zl-VOC-723 AVBRAGB TIJ 

Chloromcthanc 

Bromomcthanc 
Vinyl Chloride 

Chlom&anc 

Mahylcnc Chloride 

ACClCUlC 

Carbon Diiulfide 

l,l-Dichlomc&.ne 

l.l-Dichlorodhanc 

trans-1,2-Dichlorodhene 

Chlomform 

1.2-Dichlomethane 
2-Butanone 

l.l,l-Trichlonxlhane 

C!utmn TctrachIoride 

Vinyl Acetate 

BmmcdichloromeJhane 

1,2-Dichlompmpane 

CL-1.3-Dichloropropylmc 

Trichlonxthcnc 

Dibromochbmmcthane 

1.1.2-Trichlonxtbnne 

BCIlZJXX 

trawl-1.3-Dichloropropylens 

2-Chlomethylvinykther 

Bmmofonn 

O-Mdhyl-2--Pcntanone 

2-Hcxanone 

Tetmchlomethenc 

1.1,2.2-Tctrachlomc&lhanc 
TOlUenC 

Chloroknzcne 

Ethyibenzenc 

SIYrSilC 
Xylener (Total) 

186 

ND< 2.45 * 

ND< 2.28 ND< 

ND< 1.14 ’ ND< 
NC 

NC 

ND< 2.45 l ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 
ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 
ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 1.14 * 

1.56 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

5.08 

ND< 2.28 ND< 

ND< 2.28 ND< 

2.75 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 

ND< 2.28 ND< 
ND< 2.28 ND< 

64.0 

5.63 

3.18 ND< 
1.59 l 

NC 

NC 

3.14 l 

3.18 

3.18 

3.18 

3.18 

3.18 
6.29 

3.18 

3.18 

3.18 
3.18 

3.18 

3.18 

3.18 

3.18 

4.15 
2.57 

3.18 

3.18 

3.18 

3.18 

17.9 

3.18 

3.18 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
1.25 ’ 

3.18 ND< 
3.18 ND< 
3.18 ND< 
3.18 ND< 

31.2 94 

4.27 4.1 nx 
2.09 ND< 2.5 
1.70 1.5 #X 
NC NC 

NC NC 
1.42 2.3 M 

2.09 ND< 2.5 

2.09 ND< 2.5 

2.09 ND< 2.5 
2.09 ND< 2.5 

2.09 ND< 2.5 
2.09 ND< 3.6 

2.09 ND< 2.5 

2.09 ND< 2.5 
2.09 ND< 2.5 
2.09 ND< 2.5 
2.09 ND< 2,s 
2.09 ND< 2.5 

2.09 ND< 2.5 

2.09 ND< 2.5 

1.05 l 2.1 ## 
3.08 2.4 

2.09 ND< 2.5 

2.09 ND< 2.5 

2.09 ND< 2.3 

2.09 ND< 2.5 

1.05 * 8.0 M 
2.09 ND< 2.5 

2.09 ND< 2.5 
1.09 1.7 ## 

2.09 ND< 2.5 

2.09 ND< 2.5 

2.09 ND< 2.5 
2.09 ND< 2.5 

TU = Total uncertainty (95% contidence limit). 

ND < = Analyte not detected. 
NC = Not cakuMcd. 

l = Emission factor calcuktai using one half of the ddcction limit. 
XX = Avcragc emission factor includea one or two nondetecta out of three measurements. 
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TABLE 613. EMlSSION FACTORS FOR PAWSVOC Ob/lO-12 BTU) 

Amlvte N-21-MM-F+X-718 N-21-MM-F+X-721 N-21-MM-F+X-723 AVERAGE Tu 

Benzylchlmide 
Aodophenonc 
Hsxachloroelhanc 
Naphthalaw 
Hexachlorobutadicnc 
2-ChLxoatophcnonc 
2-Mctbylnaphtbalcnc 
1-Metbyinaphthalcne 
Hcxacblomcyclopentadisnc 
Biphenyl 
Aeauphthykne 
2PDinitmtoluene 
ACC4UphthCIX 
Dibenzofutan 
2.4-Dinitmtoluurc 
PlUONC 
Hcxacblorobcnvsle 
Pentachlomphenol 
FllulMthlule 
Anthncsne 
nuoranlhcne 

wmc 
Benz&nthncae 
ChySCilC 
Bau..o(b & k)fluonntbcne 

Benzo(s)py~e 

Benzo(a)py=ne 
Indeno(l,2,3s,d)pyrcne 
Dibenz(a.h)mthncenc 
Benzo(g,h.i)perylenc 

O.Wl78 
0.106 

ND< O.WO757 
0.0624 

ND< 0.000757 
ND< OS00757 

0.0105 
0.00595 

ND< O.OW757 
0.0143 

0.00212 
ND< O.OW757 

O.W555 
0.0127 

O.W364 
0.000243 

ND< 0.000757 
0.00178 

0.0368 
O.Wl54 
0.00986 

0.000444 
0.00202 
0.00317 
0.W482 
0.00182 
O.OU126 
0.00149 

O.OOUSS8 
0.00124 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 
ND< 
ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

0.0703 
0.343 

O.W838 
0.0822 

0.W838 
0.00838 

0.0402 

0.0222 
0.00838 
0.00286 
o.w772 
0.00838 
0.00838 

0.0174 
0.00419 l 

0.000838 l 

O.W838 
0.00419 l 

0.0201 
o.w560 

0.00619 
0.00247 
0.00202 

0.000838 l 

0.W316 
0.000838 l 

0.000838 l 

O.WO838 * 
0.000838 l 

O.WO838 l 

ND< 0.00362 l 

0.456 
ND< 0.00724 

0.0344 
ND< 0.00724 
ND< 0.00724 

0.00894 

0.00604 
ND< 0.00724 
ND< 0.000724 l 

0.00264 

ND< 0.00724 
o.Ou212 
0.00998 

ND< 0.00362 * 
ND< O.OW724 l 

ND< 0.00724 
ND< 0.00362 l 

0.0157 
0.00359 
0.00456 

ND< O.OQO724 l 
0.00239 
O.W240 
o.w373 

ND< 0.000724 * 

ND< O.ooO724 = 
ND< 0.000724 l 

ND< O.OOVl24 ’ 
ND< O.OOLV24 l 

TV = Total unccruinty (95% conGdence limit). 
ND < = Annllyte not detected. 
l = Emission factor uUated using one half of the detection limit. 
#X = Avenge emission factor inoludu one or two non-detects out of three murunments. 

0.025 RX 
0.30 

ND< o.w55 
0.060 

ND< 0.0055 
ND< 0.w55 

0.020 
0.011 

ND< o.wss 

o.oo6o Y# 
0.0042 

ND< o.w55 
0.0053 

0.013 
0.0038 ## 

o.ooo6o XY 
ND< 0.0055 

0.0032 WX 
o.crz4 

0.W36 
0.0069 
0.0012 HH 
o.Ova 
0.0021 xx 
o.w39 
O.Wll #H 

o.OOw4 WI 
O.WlO # 

0.00071 H# 
o.WO93 xx 

0.097 
0.44 

o.w55 
0.060 

o.ws5 
o.wss 
0.044 

0.023 
o.ws5 

0.018 
o.wn 
b.wss 
0.0078 
0.0095 

o.Oiw91 
0.00079 

o.wss 
0.0031 

0.028 
o.wso 
0.0068 
o.W27 

O.OOIl58 
o.w30 
0.0021 
O.Wl5 

0.00071 
O.WlO 

0.00036 
0.00068 

6-37 



TABLE 614. EMISSION FACTORS FOR PAWSVOC t,@MJ) 

Analytc N-21-MM-F+X-718 N-21-MM-F+X-721 N-21-MM-F+X-723 AVERAGE Tu 

Benzylchloridc 
Acelophenonc 
HCX&IlOIVethtUle 
Naphthalene 
Hcuchlorohutadicne 
2-Chloroac&phmonc 
2-Methylnaphlbalmc 
1-Mahylmphthalew 
Hexachlomcyclopsntadiene 
Biphenyl 
Accnaphtbylene 
2.6-Dinitmtoluenc 
Acenaphlhene 
Dibmmfum 
2,4-Dmitmtolucne 
Pluom 
Hexachlorobme 
Pmtachlomphml 
Phenanthmle 
Anthncale 
nuomthcne 

pY== 

ChrySQlC 
Bun.a@ & k)fluorantbenc 

B~@)PY== 
Bem(a)pymc 
Indcno(l,2,3~,d)pyrne 
Dibenz(a,h)mthracene 
Bm(g,h.i)perylene 

0.000765 
0.0458 

ND< O.OOil326 
0.0268 

ND< O.OOQ326 
ND< 0.000326 

OS@452 
O.oW6 

ND< 0.000326 
0.00616 

o.OQO911 
ND< O.WO326 

0.00239 
o.w547 
O.Wl57 

0.000105 
ND< 0.000326 

0.000766 
0.0158 

0.000664 
0.00424 

o.OOa191 
OS00871 

0.00136 
0.00208 

0.000783 
0.000544 
0.000641 
O.WO240 
omO534 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

ND< 
ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

0.0303 ND< 0.00156 * 0.011 XI 0.042 
0.148 0.196 0.13 0.19 

0.00361 ND< o.w311 ND< 0.0023 0.0023 
0.0354 0.0148 0.026 0.026 

0.00361 ND< o.w311 ND< 0.0023 0.0023 
0.00361 ND< o.w311 ND< 0.W23 0X42.3 

0.0173 0.00385 0.W86 0.019 
0.00957 0.00260 0x049 0.010 
0.00361 ND< 0.00311 ND< 0.0023 0.W23 
O.WlY ND< 0.000311 * 0.0026 wx 0.0078 
0.00332 O.Wl13 0.0018 0.0033 
0.00361 ND< 0.00311 ND< 0.0023 0.0023 
0.00361 0.000912 0.0023 0.0034 
o.w75o 0.00429 0.0058 0.0041 
O.Wl80 ’ ND< 0.00156 ’ 0.0016 #X 0.00039 

O.OW361 l ND< O.OW311 l o.ooo26 nr o.OOa34 
0.00361 ND< o.w311 ND< 0.0023 O.W23 
O.Wl80 * ND< 0.00156 ’ O.Wl4 #n 0.0014 
0.00865 0.00677 0.010 0.012 
o.W241 O.Wl54 O.Wl5 0.0022 
0.00266 0.00196 o.w30 0.0029 
O.Wlc6 ND< O.OVO311 l O.WO52 X# 0.0012 

0.000867 O.WlO3 o.cW92 O.OCU25 
0.000361 * O.WlO3 o.ooo92 xx 0.0013 

0.00136 0.00161 0.0017 0.0009 
O.OW361 l ND< O.OGO311 * o.OOQ49 XI O.OW64 
O.OGO361 l ND< O.OiXI311 * o.OW41 XI o.m31 
O.WO361 * ND< 0.000311 l o.ooo44 UH 0.00044 
0.000361 l ND< 0.000311 l 0.00030 M O.OW15 
0.000361 * ND< O.OW311 l o.oQo40 YY 0.00029 

111 = Total uncertainty (95% confidence limit). 
ND < = Analyte not d&.%d. 
* = Emission factor calculated using one half of the detection limit. 
YY = Avcragc emission factor includes one or two non-detects out of lbrcc measuremsnts. 
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TABLE 6-15. EMISSION FACTORS FOR ALDEEYDES (lb/l032 BTU) 

AdVte N-Zl-ALD-718 N-21-ALD-721 N-Zl-ALD-723 AVERAGE TU 

Formaldehyde 46.2 61.1 63.3 57 24 
Acetaldehyde 356 444 366 388 127 
ACmleill 7.66 7.44 9.83 8.3 3.4 
Propiwnldebyds 22.5 9.81 6.82 13 21 

‘I-U = Total uncertainty (95 % confidence limit). 

TABLE 616. EMISSION FACTORS FOR ALDEHYDFS fj@MJ) 

Advte N-Zl-ALD-718 N-Zl-ALD-721 N-21-ALD-723 AVERAGE TU 

Formaldehyde 19.9 26.3 21.3 24 10 
Acetaldehyde 153 191 157 167 54 
ACl-Ol& 3.29 3.20 4.23 3.6 1.5 
Pmpiomldehyde 9.69 4.22 2.93 5.6 8.9 

‘l-U = Total uncertainty (95 % contidence limit). 
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TABLE 6-17. EMISSION FACTORS FOR RADIONUCLIDES (IbllO-I2 RTU) 

Analyte N-Zl-NH4CN-719 N-Zl-NH4CN-722 N-Zl-NH4CN-724 AVERAGE TU 

Pb-212 
Th-234 
Pb-210 

Pb-211 
h-226 

Ra-228 

Tb-229 

Th-230 
U-234 

U-235 

ND< 

ND< 

ND< 
ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

5.35 ND< 6.66 
61.8 ND< 27.7 * 
66.2 ND< 55.5 

99.3 ND< 88.8 
9.38 ND< 9.43 

23.7 ND< 20.5 
42.5 ND< 42.2 
403 ND< 411 

1430 ND< 1610 
16.0 ND< 178 

ND< 
ND< 
ND< 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 

ND< 

12.8 ND< 8.3 8.3 

50.4 l 47 #I 43 
161 ND< 94 94 

168 ND< 119 119 

16.1 ND< 12 12 

36.3 ND< 27 27 
65.8 ND< 50 50 

806 ND< 540 540 

3360 ND< 2130 2130 

32.9 ND< 75 75 

TU = Total uncertainty (95% confidence limit). 
ND < = Adyte not detected. 

* = Emission factor calculated using one half of the detection limit. 
## = Average emission factor includes one or hvo nondetects out of three measurements. 

TABLE 6-18. EMISSION FACTORS FOR RADIONUCLIDES (&MJ) 

AdVh? N-Zl-NH4CN-719 N-Zl-NH4CN-722 N-Zl-NH4CN-724 AVERAGE TU 

Pb-212 
Tb-234 

Pb-210 

Pb-211 
Ra-226 
R&28 
Th-229 

Tb-230 
U-234 
U-235 

ND< 

ND< 

ND< 

ND< 

ND< 
ND< 
ND< 
ND< 
ND< 

5.07 ND< 
58.6 ND< 
62.8 ND< 
94.2 ND< 
8.89 ND< 
22.5 ND< 
40.3 NIX 
382 ND< 

1360 ND< 
15.2 ND< 

6.31 ND< 
26.3 * ND< 
52.6 ND< 

84.2 ND< 

8.94 ND< 
19.5 ND< 
40.0 ND< 

389 ND< 
1530 ND< 

168 ND< 

12.1 ND< 7.8 7.8 

47.7 * 44 xx 41 
153 ND< 89 89 
159 ND< 112 112 

15.3 ND< 11 11 

34.4 ND< 25 25 
62.4 ND< 48 48 

764 ND< 512 512 
3180 ND< 2020 2020 
31.2 ND< 72 72 

TU = Total uncertainty (95% confidence limit). 
ND< = Adyte not detected. 

* = Emission factor calculated using one half of the detection limit. 
## = Average emission factor includes one or hvo non-detects out of three measurements. 
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TABLE 6-19. REMOVAL EFFICIENCY BY PERCENTAGE REMOVAL (Percent)“’ 

Element System 7/19/93 7122193 7124193 
Standard 

Average Deviation 

Aluminum Baghouse 

Aluminum SCR Reactor 

Aluminum SO, Condenser 

Aluminum SNOX System 

Potassium 

Potassium 

Potassium 

Potassium 

Baghouse 

SCR Reactor 

SOs Condenser 

SNOX System 

Titanium 
Titanium 

Titanium 

Titanium 

Baghouse 
SCR Reactor 

SOs Condenser 

SNOX System 

Silicon 

Silicon 

Silicon 

Silicon 

Baghouse 98.39 98.52 

SCR Reactor a*# 1’ 

SO, Condenser 99.58# 99.49 

SNOX System 99.99 99.99 

Sodium 

Sodium 

Sodium 

Sodium 

Baghouse 75.37 97.48# 

SCR Reactor (7)*# 29*# 

SO2 Condenser 39*# 54# 

SNOX System 83.85 99.47# 

Mercury 

Mercury 

Mercury 

Mercury 

Baghouse 
SCR Reactor 

SO2 Condenser 

SNOX System 

99.58 

99.35 99.80 

(lo)*# (237)* 

99.14 99.54 

54 NC NC 

74 ~~~~~~~~~~~~~~~: . . . ,:,y ::‘:.:.:.:.;.:.:.: 
99.90 ~~~~~~~~~~~~~:, 

97.91 99.02 1 

74 NC NC 

99.96 99.97 0 

(13)’ NC NC 

99.96 99.98 

67.41 80.09 16 

18 3 (36) (5) 28 
1 (11) 7 (1) 9 

(34) 21 (15) (10) 28 

-1 (8) 15 (45) (13) 30 
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TABLE 6-19. (Continued) 

Element System 7119193 7122193 l/24/93 
Standard 

Average Deviatior 

Selenium Baghouse 32.92 (7.52) 26.92 17.44 22 

Selenium SCR Reactor VW (11) (29) (22) 9 

Selenium SOa Condenser 98.56# 99.42 99.23 99.07 0 

Selenium SNOX System 98.79 99.31 99.27 99.12 0 

Arsenic 

Arsenic 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Cadmium 

Cadmium 

Baghouse 99.56 99.58 99.69 99.61 0 

SCR Reactor 

‘J,,OX System ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Chromium 

Chromium 

Chromium 

Chromium 

Baghouse 

SCR Reactor 

SO2 Condenser 

SNOX System 

99.83 99.62 98.50# 99.32 1 

(506)*# (171)’ (360)*# NC NC 

3S# 73# 15 NC NC 

99.32 99.12# 98.84 99.09 0 

Molybdenum Baghouse 99.39 98.93 98.80 99.04 0 

Molybdenum 1 SCR Reactor (324)*# (326)* (239)’ NC NC 

Molybdenum 1 SO, Condenser 24# 4* 29 27 NC 

Molybdenum SNOX System 98.05 95.62 97.09 96.92 1 

Boron 

Boron 

Boron 

Boron 

Baghouse 

SCR Reactor 

SOa Condenser 

SNOX Svstem 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 

NA NA NA NA NA 
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TABLE 6-19. (Continued) 

Standar 
Element System 

Antimony Baghouse 

Antimony SCR Reactor 

Antimony SO, Condenser 

Antimony SNOX System 

Barium 

Barium 

Barium 

Barium 

Baghouse 

SCR Reactor 

Beryllium 

Beryllium 

Beryllium 

Beryllium 

Lead 

Lead 

Lead 

Lead 

Baghouse 

SCR Reactor 

SOa Condenser 25# ~~~~.~~~~~~~~~~~%,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
s NOX system .~~~~~~~~~~~~~~~’ ‘~ ~““’ ‘~’ ‘~’ ‘;~‘~~““““‘;~“““/‘;“~‘/~;‘;_~(‘~’~;~i”~’~’l”””~i”““‘l’i”“i”””’l’i”‘: 99,8 1 ~~~~~~~~~~~~~~~ 

Manganese 

Manganese 

Manganese 

Manganese 

Baghouse 

SCR Reactor 

SOa Condenser 

SNOX System 

Nickel 

Nickel 

Nickel 

Nickel 

SOa Condenser 

SNOX System 

7122193 7124193 Average Deviatio 

99.83 99.96 99.83 99.87 0 

36u (270)* 87 NC NC 

99.74 99.57 99.05 99.45 0 

(370)* w* (161)’ NC NC 

69 (72)’ 78 73 NC 

99.62 98.96 99.44 99.34 0 

(W* 

99.28 

NC NC 

99.56 0 
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TABLE 6-19. (Continued) 

Element 

Vanadium 

Vanadium 

Vanadium 

Vanadium 

Copper Baghouse 99.84 99.78 99.81 99.81 0 

Copper SCR Reactor (1,030)‘# (1,033)* (7w* NC NC 

Copper SOa Condenser 90.87# 93.26 93.55 92.56 1 

Copper SNOX System 99.83 99.83 99.90 99.86 0 

SCR Reactor 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

NC = Not calculated 

* = Value not used to calculate average. 

# Based upon a value substituted for an outlier. 
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TABLE 6-20a. REMOVAL EFFICIENCY FOR BAGHOUSE, ALPHABETICALLY (Percent)“) 

Element 7119193 7122193 7124193 Average 
Standarc 

Deviation 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silicon 

Sodium 

Titanium 

99.58 99.90 99.14 99.54 0 

99.56 99.58 99.69 99.61 0 

99.83 99.96 99.83 99.87 0 

NA NA NA NA NA 
.::. )__.y.: . <.?.... :/......... :...:~..:.:.:.:.:.:.:~i.:.:.:.:.:.:.:.:.:.:.:.~.:.:.:~:,:.~~:,:.:.:.:.:,~.:.:.:.~.:.:.:,:.:*:.~,:~~~,~.:~.:.~~:~,:.:~~~:~~~:~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

99.83 99.62 98.50# 99.32 1 
~~~~~~~~~~~~~ 99 96 ~~~~~~~~~~~~~~~~~~~~~~~~~ 

i:i~:~:~:i~:i,::~:i,:::i;~~~~~~~?~~~~~j~~~~~~~~~~~;~~~~: 

99.84 99.78 99.81 99.81 0 ..~...................., i.., :...: .../ ~,~., ..~... ..~.....~ ;.;~ i :,. I ,.,. y’ .,....... _ . . . . .../.” i”-’ 
99, 9. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

99.74 99.57 99.05 99.45 0 

18 3 (36) 6) 28 

99.39 98.93 98.80 99.04 0 

~~~~~~~~~~~ *:<:$p.*:>::<: . . . ,.,... 99.92 99,96# ~~~~~~~~~~~~~~~~~~ :::::i:::ii:i:-:~:x:r::i::l---a:i;_-:.:~.::.:.:.:.~:::~,~.:~,:,:,:.:,:.:.~..:.:~.:.:~.~:.:~,:.: ~:~~:i::::;:::::.,.::~:~i:~::il~~~.,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

99.35 99.80 97.91 99.02 1 

32.92 (7.52) 26.92 17.44 22 

98.39 98.52 98.45 98.45 0 

75.37 97.48# 67.41 80.09 16 

99.96 99.98 99.96 99.91 0 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

# Based upon a value substituted for an outlier. 
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TABLE 6-20b. REMOVAL EFFICIENCY FOR BAGHOUSE BY PERCENTAGE (Percent)‘“) 

Element ,7/19/93 7122193 7124193 Average 
Standard 

Deviation 

Boron 

Mercury 

Selenium 

Sodium 

Silicon 

Potassium 

Molybdenum 

Cadmium 

Chromium 

Manganese 

Aluminum 

Arsenic 

Antimony 

Copper 

Barium 

Beryllium 

Lead 

Nickel 

Cobalt 

Titanium 

NA NA NA NA NA 

18 3 (36) (5) 28 

32.92 (7.52) 26.92 17.44 22 

75.37 97.48# 67.41 80.09 16 

98.39 98.52 98.45 98.45 0 

99.35 99.80 97.91 99.02 1 

99.39 98.93 98.80 99.04 0 
~~~~~~~,~.~~~~~~~~~~~~~~~:~~~~~~~~~~~~~ 

.:::.: * ..,..................... I ~...~,~ . . . . . . . . . . . . ..I i :.F: .I.... j-,,.:.,:.:.:.:.:,:~:,~.:.~.:,:,:.:,~.:.:.:.:.:.:.: :.:.: .,.,,,....,..../... ~,~.;.; ..,.. ./... t .../.../ :.:...>..,y:.:.:.: :.:.:.;.;~ ~ ....j................,. I .,... ~. 
99.83 99.62 98.50# 99.32 1 

99.74 99.57 99.05 99.45 0 

99.58 99.90 99.14 99.54 0 

99.56 99.58 99.69 99.61 0 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,“““““““‘.‘.‘.‘.‘.‘.‘...‘.‘.‘.‘.’.’.’.’.’.’.’.’.‘.‘.‘: i~,~...l..~..‘.....~,~.i’,‘.:.~,~. .:: :.. .~.~./,.,~ ,._., ~,.,~,~,~ ,.,.;, ,.,,,.,.,,,.,.,.,~,,,,, ,,:, ~::;i ,,:;,,., ~,~,,, 

99.96 99.98 99.96 99.97 0 

(a) Shaded velues indicate at least one non-detect value was used in calculating the result. 

# Based upon a value substituted for en outlier. 
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TABLE 62la. REMOVAL EFFICIENCY FOR SNOX SYSTEM, ALPHABETICALLY (Percent)w 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Potassium 

Setenium 

Silicon 

Sodium 

Titanium 

Vanadium 

Element 1119193 7122193 Average 
Standard 

Deviation 

NA NA NA NA NA 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .$“s:<~;v.:y..,” . ..)..,..,, _I,, ,,_, ,. ,. ~ -~~-~~~~~‘~~~:~~~~~~~~~~~~?~~~~~~~~~~~~~~~~~~~~ .14”~ ; /,.,.,,,,. i ,,,_ i 97.83 ~~~;EI~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ p*>&*&&,,y~ .~.,~~~~.~~~~-~~.~~.~~~.~.~~~~~~~~~~,:~.~~~~~~~..~.~.:.~~.:~ 

99.32 99.121 98.84 99.09 0 
~~~~~~~~~~~ ~~+#h,,r~ ‘;, ‘b %~. ~ 99.93 ~~~~~~~~~~~~~~~~~~~~~~~~ 

“,~~~~~,,~~~:.~~~~~~~~:~~~~~~~~~~~~:~.~.~~~~~ . ~,~~~,~~.:.~:.~:.:,~:.:,,:~.:~.~~.:.:.:.:.~;,.:.:.,: 
99.83 99.83 99.90 99.86 0 

:..::~“~~~~~~~~g~~~~~,~~“:... ‘$awF$..*~~*~~~$~:~ ~~~~~~~~~~~~~~~~~~~~~~ n.,l <*>**+A r; $‘&% % .< -c. .j.. ,f . //II ,.,, :js 0: ; ~~~&&&&&&&~ 
99.81 ~~~~~~~~~~~~~~~~~ 

,,” ~ ,, .,.“..“~l.~..~il . . . I.~ _.~ .._.:.,..:... _?_; 
99.62 98.62 99.44 99.34 0 

(8) 15 (4s) (13) 30 

98.05 95.62 97.69 96.92 1 

99.83 99.57Y 99.28 99.56 0 :~~~~~~~~~;~~~~~~~ 99.3 1 ~~~~~~~~,~.~~~ ...+..$.<$ ~~$W&$&$~.~ :~~..“,“,.-r~~~~~~~~ 
99.a9 ~~~~~~~~~~~~~~~ 

,~~~~~~~~~~~!~;:~,;~~:~~~.:~~~:.:~~~~.:~.:~.:.:.:.~.:.:~~:~.:.:,:.:~~ 
98.79 99.31 99.27 99.12 0 

99.99 99.99 99.99 99.99 0 

(a) Shaded valuea indicate at least one non-detect value was used in calculating the result. 

# Based upon value substituted for an outlier. 
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TABLE 6-21b. REMOVAL EFFICIENCY FOR SNOX SYSTEM BY PERCENTAGE (Percent)” 

Standard 
Element 7119193 7122193 7124193 Average Deviation 

Boron NA NA NA NA NA 
Mercury (8) 15 (45) (13) 30 
Sodium 83.85 j::ji ~.I;:‘“:il.:I;,:i;,:99 47, 93 78 ;j :.;I j..:;,::;, i’, 1.,1:,,g2:.l;‘ii~~~~~~~~~~~~.~:.:~~:~~::~~~~ 

Molybdenum 98.05 95.62 97.69 96.92 1 
‘l.‘..i -i”:i:;i::.~:~l::i:.‘:l:li: 

Cadmium 97. 83 3’i;;iii: ,,,,, ;:x”‘c.. g$..& :‘.‘.l:li’:l~~;‘“‘:j’i’ I’.-“’ ,:,,:: ~:~:,i:,:i.:: ,,,:: ..gf..O1,:;:::“:;“,: i :,:.::; ;-i::.i:;i ,!g i~~~~~~ ,_:::::, ,.,, ~., :, .::.. ~~.,:,~~.,~~.i~.;.,~~~~,.:i~~.~,:;~~;~.~.r~~)~:~ 
Chromium 99.32 99.12# 98.84 99.09 0 

Selenium 98.79 99.31 99.27 99.12 0 

Manganese 99.62 98.62 99.44 99.34 0 

Nickel 99.83 99.57# 99.28 99.56 0 
::j :’ Antimony i~~~~-.~~~~~~~~~:~~~~~:~~.~~.,‘~~.~.’~:: i,.,,,,.,,. ::,,:., ..i:::. 99*.~.:i,.?8~P’.“~~::.:~:.~.::::.: :‘.‘.:’ ::~;:::~~~~.~‘.l’I(,“’ 9w.::. I;:::. :I:~~~~;iii.; .: <:.:..:* :.::.:.: :.: .,. ~~~~.~~~~~~:~~~~~~~ :. . .,......, ..,... . . . . . . ..( :~:~~^:~,;::::.‘,:::~,:, 

Beryllium 99.54 ,:“-‘:;~~~~.;‘~~~~:~~~~~~~~~~,~~:.::~~:~~~~~~~~~~~~~; .~~~~~~::i‘l~~~,;8~:~:~~.~~~~~~:.~:..~:: . ...; 99.Zi9:~m:.i.:“;1:-~~~~~~~~~~~~ 

Potassium 99.31 I:;l,;;l;.i:illli:l:i’iooi:.~~ 99, gp .:;;;:i:; ;::.::.;i:,::;;.,;;, ~.~~~~~~~~~~~~~~~~~ 
::..::. :.: :. . ...:: .:.,. .: . . . . . ..>..1 ............i.... .., 

Aluminum pp&o “‘-:~:“ii:~,i:l ?$$)&,$ 99,90 ?-::;ii.: i,isa:,~~~~~~~~~~~~ 

Copper 99.83 99.83 99.90 99.86 0 
Lead 99,81 .~,I’~i.il-i:i::l-i~~~~~~~~~.~~ 

Cobalt 

Barium 

fitanium 

4rsenic 

Vanadium 

Silicon 99.99 99.99 99.99 99.99 0 

(a) Shaded values indicate at least one non-detect value was used in calculating the result. 

# Based upon a value substituted for an outlier. 
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7.0 !3'ECIALTOPICS 

In addition to sampling conducted to determine emission factors and removal 

efficiencies of HAPS, four special topics related to sampling and analysis of HAPS were 

investigated. These special topics are: 

l Distribution of semivolatile substances between the vapor and particle phases 

l Particle size distribution of elements in flue gas streams 

l Comparison of the HEST and Method 29 methods for measuring mercury, 

selenium and arsenic in flue gas 

l Comparison of canister and VOST techniques for measuring concentrations of 

VOC in flue gas streams 

Results of these investigations are described in this part of the report. 

This section discusses the distribution of selected substances between the vapor and 

particulate phases in flue gas samples. As detailed earlier in this report, samples were 

collected from flue gas streams at the: (1) baghouse inlet - Location 18, (2) baghouse 

outlet - Location 19, (3) SCR reactor outlet - Location 20, and (4) WSA tower outlet - 

Location 21. The sampling methods used at these locations separated the vapor and 

particulate phases of selected HAPS that were present in the flue gas streams so as to allow 

separate analyses of the concentrations in the two phases. 

Vapor and particulate phase samples collected from the various sampling locations 

were analyzed individually for elements and PAH and other SVOC. The results of these 

analyses are presented in this section. For each group of species, the vapor and particulate 

phase concentrations of individual HAPS, corrected for field blanks, are presented. 

Concentration data are provided separately for each of the four flue gas sampling locations. 

For each group of species, the vapor and particulate phase concentrations measured in blank 

gas samples and/or method blanks are also presented. 
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The phase distribution results are discussed briefly for each group of species. 

Differences in phase distribution of individual HAPS among the various sampling locations 

are examined. The potential for sampling artifacts to arise during the separation of the vapor 

and particulate phases is noted where applicable. 

Each sub-section also presents a table of the average distribution of individual 

species concentrations between the vapor and particulate phases in the flue gas at the various 

sampling locations. This table provides a summary of the differences in composition of the 

vapor and particulate phases. 

7.1.1 Elementi 

Table 7.1-l shows a summary of the average phase distribution of elements at each 

sampling location. The data in Table 7. l-l were derived by averaging the phase distributions 

measured in the sets of three samples collected at each location; zero values were used for 

vapor or particulate elemental concentrations that were below the detection limit in any 

sample. The vapor and particulate phase concentrations (in pglNm3) of elements determined 

from flue gas samples are presented in Tables 7.1-2 through 7.1-5. Table 7.1-6 shows the 

corresponding vapor and particulate phase concentrations of the individual elements in train 

blank samples. 

The vapor and particulate phase concentrations (in pglNm3) of mercury in the flue 

gas sampks collected at various sampling locations are also presented in Tables 7.1-2 

through 7.1-5. Table 7.1-6 shows the correspondiig vapor and particulate phase 

concentrations of mercury in the hain blank samples. Table 7. l-l shows the average phase 

distributions of mercury at each location, along with those for all the other elements. 

Tables 7.1-l and 7.1-2 show that at Location 18, the baghouse inlet, all the 

elements, except for mercury, were present almost entirely in the particulate phase, with 

little variability among the three samples (evidenced by the low standard deviations in Table 

7. l-l). The table also reveals that at Location 18, mercury is predominantly (>94 percent) 

present in the vapor phase, results which are consistent with the vapor pressure 

characteristics of mercury. 
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This section discusses the distribution of elemental concentrations among the various 

particle size fractions collected at Location 18. Three samples were collected at Location 18 

(baghouse inlet) using a Multi-Metals sampling train. Various particle size fractions were 

collected separately in the tram, using glass cyclones in the heated filter box upstream of the 

particle fdter. The large cyclone had collection characteristics such that the > 10 pm 

aerodynamic size particles were collected in it, the small cyclone collected particles in the 5- 

10 pm aerodynamic size range, and the downstream quartz filter collected the <5 pm size 

fraction. The cyclone cutpoints were based on a computer program used to design the 

cyclones prior to the study. Insufficient time was available before the field study to conduct 

confumatory tests of the cyclone cutpoints. 

The sampling constraints of Location 18 necessitated the use of a heated flexible 

Teflon line, of smooth inner bore and about 8 feet long, to connect the sampling probe to the 

inlet of the large cyclone. The particulate fraction collected in this tubing, together with that 

in the sampling probe, were collectively analyzed and are referred to here as the probe rinse 

particulate fraction. Due to the length of the tubing and complexity of the flow path, the 

particle size range wllected as the probe rinse fraction is difficult to estimate. For this 

reason this wllection material is excluded from some of the subsequent discussion. 

However, it is expected from aerosol dynamics that, on a mass basis, larger particles would 

be preferentially removed in the probe and tubing compared with smaller particles. Note that 

on average at Location 18, 48.7 percent of the wllected particulate matter was found in the 

probe rinse, 15.4 percent in the large (> 10 pm) cyclone, 18.1 percent in the small (5-10 

pm) cyclone, and 17.8 percent on the filter (Section 5.10). 

The various particle fractions wllected in the three samples at Location 18 were 

analyxed for elemental concentrations. Table 7.2-l provides the measured particle-phase 

elemental concentrations of various elements in each of the three known size fractions. 
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7.2.1 Averape Distribution of Elemental Concentrations 

A more informative picture of the particle size distribution of elemental pollutants in 

the flue gas is provided in Table 7.2-2. This table provides the average percentage 

distributions of elemental flue gas concentrations among the various size fractions at Location 

18. The data in Table 7.2-2 have been derived by averaging the elemental concentrations 

measured in the respective particle size fractions in each of the three samples collected at this 

sampling location; zero values were used for elemental concentrations in size fractions that 

were below the detection limit in any sample. Each entry in the tables is the average 

percentage of the total flue gas loading of the indicated elements, that is contributed by the 

indicated size fraction of particles. The sum of the percentages across the row for each 

element equals 100 percent. For example, in Table 7.2-2, aluminum in flue gas at Location 

18 exists about 15.1 percent in <5 pm particles, 9.6 percent in 5-10 brn particles, 7.6 

percent in 10 gm particles, and 67.7 percent in particles collected in the probe and flexible 

tubing. Table 7.2-2 thus provides a perspective on the distribution of individual elements 

among the various particle fractions in the flue gas stream upstream of the baghousc. 

Table 7.2-2 shows that at Location 18 the probe rinse particle fraction wntained the 

largest proportion of the elemental concentrations for nearly all of the elements. The second- 

largest elemental fractions in nearly all cases were in the filter or <5 firn size range, 

followed by the small cyclone and the large cyclone fractions. The large and small cyclone 

fractions had generally similar proportions of elemental concentrations for all elements. 

A few elements, includiig antimony, arsenic, cadmium, chromium, molybdenum, 

and sodium, had > 30% of their particulate phase concentrations in the filter or < 5 gm 

fraction. The remainder of the elements had typically between 15-3096 of their particulate 

phase concentrations in the filter fraction. The elemental concentration in the large and small 

cyclone fractions were almost always less than the corresponding concentrations in the filter 

fraction. Typically, the two cyclone fractions combined were. equal to or less than the 

wrresponding elemental fraction in the filter. 

No individual trends in the particle elemental distributions could be observed for any 

of the elements, either with increasing or decreasing particle size. In summary, the 

elemental concentrations wntained in the probe rinse and filter fractions typically made up 
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6@80% of the total particulate phase concentrations for most elements, with the two cyclone 

fractions being similar to each other, and smaller than the corresponding filter fraction. 

7.2.2 Elemental Content Ratios 

The elemental concentrations in Table 7.2-l can also be interpreted in terms of the 

fraction of particle mass in each of the various particle fractions that is made up of individual 

elements. Table 7.2-3 shows the average elemental content for the four particle size 

collection fractions and the total particulate matter at Location 18. The distribution of 

particle mass waspresented in Table 5-56. The data in Tables 7.2-3 have been derived by 

averaging the elemental wncentration data (in pglNm’) in the three samples at location 18 

(Tables 7.2), multiplying the average wncentrations by the average sample volume (in Nm3), 

and dividing by the average particle mass (in g) collected of each size fraction. Zero values 

were used for elemental concentrations in size fractions that were below the detection limit in 

any sample. Thus the entries in Tables 7.2-3 show the elemental composition (in pglg) of 

each particle size fraction, as well as of the total particle mass. 

Table 7.2-3 shows that at Location 18, many of the elements, such as barium, 

beryllium, cobalt, lead, manganese, nickel, potassium, and titanium, are relatively evenly 

present in all size fractions, including the probe rinse fraction. By contrast, aluminum is 

substantially enriched in the probe rinse fraction compared with the relatively uniform 

content in the other size fractions. 

Only a few elements appear to have elemental wntents that are clearly higher in the 

filter fraction compared with those in the other, larger size fractions. Most notable are 

selenium, arsenic, and antimony. Chromium, wpper, molybdenum, and sodium has shown 

this trend. Nearly all of the elements have similar content ratios in the large and small 

cyclone fractions. 

In general, the wntent ratios for the total particle mass are of the same order as the 

wntent ratios in the individual size fractions. This result is consistent with the observation 

made above that the major elements are evenly distributed in all the measured size fractions. 

The collection of size-segregated particle samples at Location 18 suffered from the 

necessity to use an exhactive approach to sampling, i.e., the use of a probe and sample line 
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followed by cyclone collectors rather than inserting cyclones directly into the flue gas. Large 

amounts of particulate material were deposited in the sampling line ahead of the particle 

collectors. The data on size dependence of elemental composition is of limited value. 

What can be said is that the results are qualitatively consistent with the expectation 

that the more volatile elements would be concentrated in the smaller size fly ash particles. 

The elements selenium, arsenic, and antimony exhibit this trend and are in sharp contrast to 

aluminum which was concentrated in the larger particle size fractions. Figure 7.2-l displays 

the relative elemental composition of samples from Location 18 across different components 

of the sampling train. For each element the data in Table 7.2-3 were normalized by dividing 

the reported concentration in pg/g for each stage of the sampling train by the reported 

concentration for the filter (e.g., for selenium in the sample collected in the small cyclone, 

the value is 26/71 = 0.37). If elements are concentrated in smaller particle size ranges, as 

is expected for selenium and antimony, the ratio of concentrations would be expected to be 

less with increasing particle size. For elements such as titanium and nickel, which are less 

volatile, the ratio of concentrations would be expected to be more uniform across the 

different stages of the sampling train. Some evidence of these effects can be seen in the 

data; however, the necessity of using a long sampling probe and hose prior to the cyclones 

had a negative impact on ascertaining the particle size dependence of elements. 
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7.3.1 Introduction 

Volatile trace elements (Hg, Se, As) were measured at four locations in the SNOX 

process using both Chester Environmental’s Hazardous Element Sampling Train (HEST) and 

EPA’s Drati Method 29 (Method 29). The objective was to provide two independent 

measurements for these elements as well as provide data to evaluate the HFST. 

7.32 Exmrimental 

Method 29: The Method 29 sampling train is illustrated in Figure 7.3-l. This 

sampling train was modified to collect size fractionated particle samples for multimetals 

analysis by adding a multistage-Pyrex impactor inside the heated box preceding the heated 

filter. The vapor phase samples were trapped in the impinger downstream of the quartz tiber 

particle fitter. The Method 29 vapor phase results are based on the analysis of the impinger 

solution and the rinse solution of all glass surfaces downstream of the particulate quartz tiber 

filter includiig the filter support disks. 

Particles were separated from the flue gas with cyclones and a quartz fiber filter. 

Method 29 requires that f&ration talre place in a box heated to 393 K (248 f 25-F) to 

prevent condensation of moisture. The temperature of the air inside the box, however, is not 

necessarily the temperature of the flue or stack gas at the time of filtration. Flue or stack 

samples that are substantially higher than 393 K (248-F), for example, may not reach this 

recommended temperature prior to filtration. This may represent a particular problem with 

vapor phase Se species that can have a dew point in this same temperature range. Even if 

the stack gas temperatures approach the method specific tempemture range, the particle and 

vapor phase ratio may not be representative of in situ conditions, if, the species dew point is 

likely to be near this temperature range. 

‘Ihe Method 29 samples were used to determine both the particle and gas phase 

concentration of elements. As such, collection of Method 29 samples included an isokinetic 

tmerse of the stack or flue. 
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REST Method: The HJZST is illustrated in Figure 7.3-2. Two versions of this 

sampling train were used. One version, referred to as the low ash REST (LAH), was as 

illustrated in Figure 7.3-2 with a quartz fiber filter followed by two carbon impregnated 

Nters (CIF) all of which were housed in a Teflon-coated, stainless steel cartridge located at 

the end of the probe. In this LAH arrangement, the suspended particles were filtered at flue 

or stack gas temperatures. As such, particle and vapor phases were separated at in situ 

temperatures that accurately represent the process conditions. 

The other REST arrangement, referred to as the high ash REST (HAH) was similar 

to the front half of the modified Method 29 with the particle phase being separated from the 

vapor phase with glass cyclones and a quartz tiber filter located outside the stack in a box 

heated to 248 f 24-F. The vapor phase elements were trapped on CIFs much like the 

LAH. The portion of the HAH downstream of the CIFs was similar to the back half of the 

LAR. 

Only single point REST samples were collected because only the vapor phase was 

determined by this method. 

&g@jgg: Method 29 and I-EST samples were collected from two different ports. 

The duration and flow rate of the REST samples was generally less than that of Method 29 

samples. The REST sampling period typically overlapped about 40 to 50% of the 

Method 29 sampling period but at times was as low as about 30%. 

The sampling conditions are summa&d in Table 7.3-l. 

1.3.3 Resultq 

The REST and Method 29 results are summarixed in Tables 7.3-2 and 7.3-4. 

Selected particulate phase REST results are presented to provide an estimate of the total 

concentration for comparison with the Method 29 total values. The REST particle fraction 

represents only what was captured on the quartz tiber filter. This will be low by the amount 

of particulate fraction removed in the probe and cyclone in the RAH case.. Roth the HAH 

and LAH particle fractions will also be in error by the degree to which the single point 

sample is not representative and the degree to which the sample was nonisokinetic. These 
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factors, however, should not influence the vapor phase concentrations. Vapor phase results 

from the HEST samples are shown in the two columns labelled Gas-P (for primary) and Gas- 

S (for secondary or backup). Selected backup CIP filters were analyzed to document the 

extent of breakthrough of the three elements. The total HEST results (i.e., vapor plus solid 

phases) are shown in the column labelled total, and they are the sum of the Part., Gas-P, and 

Gas-S data. 

7.3.4 Discussion 

7.3.4.1 Overview. The vapor phase Hg, Se and As concentrations are in relatively 

poor agreement. The HEST Hg results are generally lower than the Method 29 Hg results. 

The HEST Se and As concentrations measured by the HEST are several fold greater than 

those based on the Method 29 samples. The differences in the Hg results are due in part to 

poor trapping efficiencies under some of the stack gas conditions. Other differences, 

particularly in the case of Se, are thought to be due to differences in temperature at the time 

the particle and vapor phases were separated. Some portion of the differences in results is 

due to the fact that the samples were not collected under identical conditions (different 

probes, different points in the stack, and differences in isokinetics) and the sampling times 

did not overlap completely. 

These results have helped to defme the dynamic range of applicability of the HEST. 

This comparison also suggests that Method 29 is limited in its abiity to correctly define the 

in situ particle to vapor phase ratios for species that are near their dew point. 

The HEST, like all methods has a dynamic range of applicability. It is 

recommended that the conditions (e.g., temperature range, moisture and acidity ranges, and 

flow rates) ln which the HEST is applicable be defined more precisely. It is also 

recommended that whenever in situ phase partitioning information is required, particle 

filtration should be done at the in situ temperature. In addition, to avoid artifacts from gas 

phase interaction with filtered particles, denuders should be used to separate key gas phase 

components prior to filtration. 
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7.3.4.2 Mercury. The Hg results are compared in Table 7.3-2. The HEST Hg 

results from the primary CIF are generally lower than the Method 29 results. This is due in 

part to breakthrough of the Hg vapor to the backup CIF. The difference in method results is 

greatly reduced when the backup CIF Hg concentration is included and corrections made for 

x-ray absorption. Very little Hg was associated with the particle fraction, and potential 

differences in phase partitioning would have little impact on these differences. 

The low Hg trapping efftciency at the baghouse inlet and outlet (Locations 18 and 

19) may be due to a high temperature while the low Hg trapping efficiency of the HEST at 

the catalytic reactor outlet (Location 20) may have been due to both high temperature as well 

as condensation of sulfuric acid. The filters from Location 20 appeared as though they had 

been exposed to a liquid and lost physical stability as might be expected after being exposed 

to sulfuric acid. 

A similar problem was observed with the first HEST sample collected at the 

condenser outlet (Location 21). In this case, a LAH was used to collect an m-stack sample. 

After sampling, the f&ers appeared wet, and the cotton tiber based CIF fell apart when it 

was removed. The hvo subsequent samples were collected with HAH arrangements where the 

filters were maintained at about 250-F which prevented condensation of sulfuric acid. For 

these last two samples, the agreement with the Method 29 samples was good and the HEST 

results were greater than the Method 29 results. 

Although HAH arrangements were used to collect all valid samples from the SNOX 

process, the temperature of the gas at the time of filtration would vary depending on the 

temperature of the gas beiig sampled, flow rates and the temperature of the hot box which 

can vary between 223-F and 273-F and still stay within the Method 29 operating range. The 

three locations where poor agreement with Method 29 Hg were obtained are sites where the 

stack gas is substantially greater than the target hot box temperature (400-F and 600-F). 

This suggests that particle filtration and CIF Hg adsorption took place at a higher 

temperature than the nominal 250-F temperature of the air inside the hot box. This might 

explain in part the low Hg adsorption efficiency as well as the differences in the vapor phase 

Se and As discussed in the next section. 

The Method 29 results at Locations 18, 19, 20, and 21 account for nearly all of the 

mercury calculated to have been entering the SNOX system in the coal. The Method 29 data 
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accounted for 88, 92, 97, and 97 percent of the mercury entering the SNOX system at 

Locations 18-2 1, respectively. 

7.3.4.3. The vapor phase Se HEST results are generally more than ten 

fold greater than the Method 29 vapor phase Se. The Se trapping efficiency was greater than 

99% with the primary CIF for the samples collected at the baghouse inlet and outlet. Even 

at the SCR outlet (Location 20) where the CIFs appear to have been wet with sulfuric acid, 

only a small amount of the Se (<7%) penetrated to the backup CIF. 

The average total Se results (particle plus vapor) were in good agreement at the 

baghouse inlet (112 pg/Nm’ for the HJ3T and 105 FglNm’ for Method 29). In this 

particular case, the difference in vapor phase concentrations appear to be due to differences 

in phase partitioning. Although similar front half sampling trains were used, it is quite 

possible that particle filtration took place at different temperatures. Since the dominant vapor 

phase Se species has a dew point in the potential range of filtration, it is quite likely that 

temperature differences are responsible for differences in vapor phase Se concentrations at 

Locations 18, 19, and 20. 

Another indication that the Method 29 Se vapor results do not correctly represent the 

in situ Se concentration is the very low baghouse particulate Se removal efficiency (24%) 

based on Method 29 particle concentrations at the inlet and outlet of the baghouse. 

The low vapor phase Se concentration at the inlet to the baghouse relative to the 

outlet as determined by the I-TEST may be due in part to gas phase removal by the thick 

particle deposit on the filter. 

7.3.4.4 m. The vapor phase as HEST results arc, like the Se results, several 

fold greater than the vapor phase concentrations repotted by Method 29. The As trapping 

efficiency of the primary CIF was also greater than 99% as it was for Se. Because such a 

large fraction of the As was in the particulate phase much of which may have been removed 

in the probe and cyclones, the total concentrations could not be compared. 

The baghouse As data suggest that the Method 29 results are not representative of 

the ~J&U vapor phase As concentrations. This is based on the following points: 
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l The baghouse penetration efficiency for both particles and vapor were similar; 
i.e., 0.4% and 0.6% , respectively. It is highly unlikely that the penetration 
efficiencies would be similar. It is more likely that most of the vapor phase As 
would penetrate the baghouse while most of the particulate phase would be 
collected by the baghouse. 

l The Method 29 total As at the outlet was very close to the vapor phase HEST 
concentration. This would be expected if most of the As downstream of the 
baghouse was in the vapor phase. and the Method 29 partitioning of the As is 
incorrect. 

Both methods show a significant reduction of the vapor phase As downstream of the 

baghouse. This may be due to volatilixation of a small portion of the large amount of As 

particulate captured upstream of the vapor phase measurement. This would not have been 

the case with the Se because it is dominated by the vapor phase. 

7.3.5 Conclusion 

The vapor phase Hg results reported by Method 29 are more representative of the 

in situ conditions in the SNOX process stream than the HEST results. The HEST results are 

low because. of reduced trapping efficiency of the primary CLF caused by condensation of 

sulfuric acid and/or lack of temperature control within a specified dynamic range which had 

not been previously defined. 

The HEST vapor phase Se and As results may be more representative of the in situ 

conditions than the Method 29 results. The difference, which was at times more than a 

factor of ten, is thought to be due to differences in phase partitioning and its high sensitivity 

to temperature. 

The problems noted above can have a significant impact on derived factors such as 

baghouse efficiency. 

If it is important that accurate particulate and vapor phase partitioning be achieved, 

it is essential that phase separation be achieved at in situ temperatures. It is also important 

that potential artifacts such as vapor phase interaction with particulate deposits and potential 

volatilixation of particle deposits be eliminated. 
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The HEST is an easy-to-use, low-cost sampling train that can provide accurate and 

reliable measurements of vapor phase Hg, As and Se when operated within its dynamic range 

of applicability. Because this method is less than two years old, its dynamic range of 

applicability has not been completely defined. Prior to these measurements, it had not 

exceeded its range of applicability. The HEST’s trapping efficiency depends on variables 

such as temperature, flow rate, analyte and interferant concentrations, and sampling time. 

As such, it is recommended that the dynamic range of the I-EST be defmed. It is further 

recommended that HEST samples be collected well above the dew point of sulfuric acid but 

below 450 K (350-F), preferably at about 420 K (300-F). 

If accurate phase partitioning is required, it is recommended that phase separation 

take place at accurately controlled in situ temperatures. 

If accurate phase partitioning is required, it is recommended that denuder methods 

be used to separate key vapor phase species prior to particle collection and vapor phase 

species be measured downstream of the particle filter to estimate particulate volatilixation. 
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The purpose of this special topic is to compare the analytical results from two 

established techniques that have been frequently used for collecting and analyzing volatile 
organic compounds (VOC) from various air matrices. The comparison is described in four 
parts: Sampling, Data Analysis, Conclusions, and Recommendations. 

7.4.1 Samoling 

The canister methodology made use of a flow orifice attached to the inlet of the 
evacuated canister. This permitted the collection of a tjme-integrated flue gas sample once 
the canister valve was opened. The VOST methodology made use of two adsorbent tubes, 

Tenax and Tenax/Charcoal, and a pump and flow controller assembly to sample the flue gas 
actively. Details on sampling and analysis with these methods are contained in the Sampling 
and Analysis Plans, and elsewhere in this report and are not repeated here. 

The list of VOC to be measured using the canister methodology included the 41 
components that are listed in U.S. EPA’s TO-14 Methodology. The corresponding list for 

the VOST Methodology included 36 components and originates from SW-846, Method 5041 
for VOC. Twenty compounds were common to both lists. The Method 5041 list contains 8 
oxygenated species not on the TO-14 list. The TO-14 list includes several chlorinated and 
aromatic species not on the VOST list. 

Samples were collected with both methods at the four flue gas locations during three 
organic test days. At each sampling location, three samples were collected sequentially with 
each method for each test run. For the VOST sampling, each set was comprised of a 5- 

minute, lO-minute and 30-minute sample at a nominal flow rate of 0.5 L/min. The sampling 
was carried out in that order, i.e. from short to long sampling times. This distributive 
volume approach was used to determine if bmahthrough had occurred for any species and to 
extend the detection level for those species not exhibiting breakthrough. Canister sampling 
was initiated close to the start of each VOST collection time. However, the canisters were 
fitted with an orifice designed to till the canister over a fixed time period of 30 minutes. As 
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a result, start and stop times for individual VOST and canister samples generally did not 

coincide. 
Because of problems encountered during earlier power plant studies i.e. rapid 

deterioration of the analytical columns and poor analytical precision, a preliminary sampling 
effort was carried out at the Niles Station prior to the full scale study. Several canister 
samples were collected at the site and returned to Rattelle for analysis. The preconcentration 

hap on the gas chromatograph/mass spectrometer had previously contained glass beads and 

was normally cooled to -160 C during sample collection. For the samples collected at Niles 
in this preliminary study, the cryo-trap was replaced with a two component adsorbent trap 

(Supelco #‘2-0321). This type of trap is normally employed for the analyses of VOCs in 
water when using purge and trap procedures. Previous Rattelle work has also shown that 
this adsorbent combination works well in capturing and releasing ambient concentrations of 
the TO-14 species. Purging the trap with zero air atIer sample collection to dry the trap 
reduces residual moisture so that column plugging does not occur. 

The analytical results from repeated injections of the preliminary canister samples 
did show much better precision than earlier work with the cryo-trap, however, several large 
components were still found to elute from the analytical column. These peaks were 

subsequently identified as column bleed peaks by the mass spectrometer (e.g. siloxane mass 
fragments). Etattelle suspected that sufficient acidic gases were still present in the vapor 
phase to cause this column shipping to occur. Several column manufacturers have concurred 
that the bonded phase on the fused silica columns will be readiiy stripped in the presence of 
strong acids. 

Further efforts were carried out to test an air scrubber placed ahead of the adsorbent 
trap. Previous studies at Rattelle had indicated that a sodium bicarbonate (NaHCO,) denuder 
worked very well in removing gaseous SOs from humidified air streams. The denuder 
system operated at flows of 10 to 20 liters/minute. At the low flow conditions required with 
the adsorbent trap (i.e. 15 cc/minute), a 10 cm long by 0.2 cm i.d. trap packed with 60/80 
mesh NaHCOs was fabricated and placed in-line. Analytical results indicated much less peak 
artifacts. Results from the analyses of a 6 ppb standard mixture of TO-14 compounds with 
and without the NaHCQ scrubber also indicated reasonable agreement. No concentration 

differences were observed with benzene and toluene, however about a 20 percent loss was 
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observed with the less volatile species such as hexachlorobutadiene. Battelle believes that the 
less volatile TO-14 compounds are more likely to adhere to the NaHCO, surface. 

Based upon the positive results with the NaHC4 scrubber, this device was inserted 
in-line for the analyses of all canister samples from the SNOX process. 

7.4.2 Data Analvsis 

A total of 36 VOST and 36 canister samples were collected. Tables 7.4-l through 

7.4-12 show the results from analyzing individual canister samples. Tables 7.4-13 through 

7.4-24 show the results from the VOST sample runs. Each table contains the three runs on 
the indicated date using the specified method. The “ND < ” label indicates that the analyte 
was not detected. The detection level (DL) is indicated to the right of the label. For the 
VOST samples, the DL values changed as a function of the sampled volume. For the 
canister samples, the DL values remained constant because the same volume was always 

analyxed. In scanning the data, it is evident that the reported concentrations at several 

locations and on specific sampling days vary considerably from run to run with both 
methods. To examine the data further, three of the more frequently occurring compounds - 
dichloromethane, benzene and toluene - were se&e&d and compared for the 36 runs. Table 
7.4-25 shows these results. In viewing the table, a great deal of method run-to-run 
variabiity was evident for dichloromethane. However, for benzene and toluene, the method 
run-to-run concentration variability was reasonable and usually within a factor of two of each 

other. Concentrations between methods were usually within a factor of four. Furthermore, 
there does not appear to be a consistent bias between methods. 

Dichloromethane @CM) (50/50 with methanol) was used in the field study as a 
solvent to rinse sampling apparatus. It is suspected that the unreasonably high concentrations 
of DCM in the samples are probably due to contamination from this source. However, 
Battelle did not observe unreasonably high DCM in the field spike canister sample. In this 
case a portion of the trip spike was directed through the sampling manifold and into a second 
evacuated canister (i.e. field spike sample). 

In order to determine if a bias exists between methods, the individual values from 

the three daily runs for be.nz.ene and toluene were tirst averaged and then compared. Figure. 
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7.4-l shows the results in bar graph form. The upper bar graph contains the benzene data; 
the lower bar graph contains the toluene data. The VOST and Can (canister) benzene daily 

averages are generally within a factor of two, except for Location 18 (second day) and 
Location 21 (second day). The toluene wncentrations were frequently less than the detection 
level for both methods. However for Location 21 on days two and three, the Can toluene 
values were orders of magnitude higher than the VOST toluene values. The Can benzene 
wncentration was also very high at Location 21 on day two. However, the value on day 
three was much lower. Excluding the above locations/days, the VOST benzene and toluene 
daily concentration averages were consistently higher than the Can values. 

The benzene and toluene daily averages at each location were then averaged and the 

results are. shown in Figure 7.4-2. The benzene location averages are depicted on the upper 
bar graph; the toluene location averages are shown on the lower bar graph. The VOST 
benzene results are higher than the canister benzene values at Locations 18 and 19. The 
VOST benzene results at Location 20 are lower than the canister values. Similar benzene 

concentrations for both methods were found at Location 20. Thus no method/benzene trend 
was observed at the locations. The toluene daily averages were near the detection limit 
except at Location 21. As mentioned earlier, Can toluene values from two of the three days 
at this location were unusually high. 

. 7.4.3 Conelm 

The following conclusions are made from this study. 

1. Dichloromethane wncentrations are artifact values and are probably due to 
wntamination from DChUmethanol washing of the sampling manifold and 
associated equipment. 

2. The VOC, whether wllected by VOST or canisters, in general show run to run 
wncentration variability of a factor of two or less. 
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3. The VOST and canister collection methods generally agree within a factor of 
four. However, there does not seem to be a consistent trend between methods. 

This lack of a trend in the data may be due in part to the abnormally high 
benzene and toluene wncentrations found in the canister samples from 
Location 21. 

7.4.4 Recommendations 

The following recommendations are made from the above analyses. 

1. Greater care needs to be exerted to eliminate the solvent (dichloromethane) 
wntamination or carry over into the sampling apparatus. This problem was 
consistently observed in both the VOST and canister sampling trams. 

2. Rattelle does not understand why both methods show such run to run variability. 
More internal QC checks may be helpful in focusing in on the problem. The 
use of internal standards spiked on the Tenax adsorbent or into the evacuated 
canister pribr to sampling would aid in determining if reactions are occurring 
with the VOCs foUowing sample collection. 

3. The employment of an on-line wntinuous instrument (or almost wntinuous) for 
monitoring one or more of the WCs would help a good deal in determining 
how much the VOC wncentrations fluctuate in the flue gas stream. For 
example, a gas chromatograph equipped with a photoionixation detector or mass 
selective detector could provide information on one or two VOC in less than 30 
minutes from the end of sample collection. 
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TABLE 7.4-i.VOC IN SUMMAGAS SAMPLES FROM BAGHOUSE INLET (Location la)-7/18/93 (uglNm”3) 

Compound N-18-CAN-718-I N-I&CAN-718-2N-18-CAN-718-3 

Trichlorofluoromethane 
1 ,I -Dichioroethene 
Dichloromethane 
3-Chloropropene 
1,1,2-Trichloro-1,2,2-triiluo 
1 ,I -Dichloroethane 
tie-I ,2-dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 ,l .l -Trichloroethane 
Benzene 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethens 
cis-1.3-Dichloropropene 
trans-1,3-Dichloropropene 
I ,1,2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1 ,I ,2,2-Tetrachloroethane 
o-Xylene 
4-Ethyl toluene 
1,3,5-Trimethylbenzene 
1,2,4-Trimethylbenzene 
Benzyl chloride 
m-Diihlorobenzene 
p-Dichlorobenzerm 
o-Dichlorobenzene 
1,2,4-Trichlorobenzene 
Hexachiorobukdiene 

ND. 
ND< 
ND* 
ND* 

ND. 
ND. 
ND. 
ND. 
ND* 
ND. 
ND. 
ND= 
ND. 

66.06 
ND< 2.51 ND< 

155.94 
2.96 ND< 

21 .oo 
2.56 ND< 
2.51 ND* 
3.07 ND* 
2.56 ND< 
4.95 ND* 
6.51 
3.96 
2.92 ND- 
3.36 ND- 
2.86 ND- 
2.66 ND* 
3.43 ND- 
2.37 ND- 
4.65 ND- 
4.28 ND= 
6.49 
0.69 ND< 
9.60 ND- 

ND. 2.68 ND- 
ND. 4.34 ND< 

3.16 ND- 
ND- 3.10 ND< 

* 
E. 

3.10 ND= 
3.10 ND< 

ND* 3.28 ND* 
ND. 3.79 ND= 

ii. . 3.79 3.79 ND- ND- 
ND* 4.67 ND< 
ND* 6.73 ND* 

67.05 129.58 
2.51 ND- 2.51 

76.01 42.56 
1.99 ND< 1 .QQ 

19.43 28.32 
2.56 ND< 2.56 
2.51 ND< 2.51 
3.07 ND< 3.08 
2.56 ND< 2.56 
3.43 ND* 3.43 
6.51 7.67 

12.66 11.93 
2.92 ND< 2.92 
3.36 ND< 3.38 
2.66 ND* 2.86 
2.66 ND- 2.86 
3.43 ND< 3.43 
2.37 ND* 2.37 
4.85 ND- 4.86 
4.26 ND* 4.29 
5.66 6.81 
2.74 ND* 2.74 
2.74 ND< 2.74 
2.66 ND* 2.68 
4.34 ND< 4.34 
2.74 ND< 2.74 
3.10 3.39 
3.10 ND- 3.10 
3.10 ND* 3.10 
3.28 ND* 3.27 
3.79 ND< 3.79 
3.79 ND< 3.79 
3.79 4.69 
4.67 ND< 4.67 
6.73 ND- 6.73 

ND< = not detected, Value following ND< is the detection limit. 
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TABLE 7.4-2. VOC IN SUMMA GAS SAMPLES PROM BAGHOUSE INLET(Location 18)-7R1/93 (ug/Nm”3) 

Compound N-18-CAN-721-IN-I%-CAN-721-2N-18-CAN-721-3 

Trichlorofluoromethane 
1 ,l -Dichlorcethene 
Dichloromethane 
3-Chloropropene 
1 ,1,2-Trichloro- 1,2,2-tiifluoroethane 
1 .l -Dichloroethane 
cis-1,2-dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 ,I ,I -Trichloroethane 
Benzene 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethene 
cis-1,3-Dichloropropene 
trams-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Toluene 
1,2-Dibromcethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Stymne 
1 .I ,2,2-Tetrachloroethane 
o-Xylene 
4-Ethyl toluene 
1,3,5-Trimethylbenzene 
1,2.4-Trimethylbenzene 
Benzyl chloride 
m-Diihlorobenzene 
p-Dichlorobenzene 
o-Diihlorobenzene 
1.2,4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 
ND. 

ND. 
ND* 
ND* 
ND* 
ND. 

ND- 
ND< 
ND* 
ND= 
ND. 
ND. 
ND< 
ND* 
ND. 

ND. 
ND* 
ND. 
ND< 
ND* 
ND* 
ND. 

ND. 
ND* 
ND. 
ND* 
ND- 
ND* 

3.64 
2.50 ND* 

113.31 
3.04 ND* 

13.94 
2.63 ND* 
2.58 ND* 
3.17 ND* 
2.63 ND- 
3.54 ND< 
8.11 
4.10 ND< 
3.00 ND* 
3.49 ND* 
2.95 ND- 
2.95 ND- 
3.54 ND* 
2.44 ND* 
5.00 ND- 
4.42 ND* 
3.66 ND* 
2.82 ND- 
2.82 ND* 
2.76 ND- 
4.47 ND- 
2.82 ND< 
3.19 ND* 
3.19 ND* 
3.70 ND* 
3.37 ND* 
3.91 ND* 
3.91 ND- 
3.91 ND= 
4.01 ND* 
6.94 ND* 

4.75 4.17 
2.58 ND* 2.58 

14.47 10.49 
2.05 2.49 

53.21 14.12 
2.63 ND* 2.63 
2.58 ND- 2.58 
3.17 23.39 
2.63 ND< 2.63 
3.54 ND- 3.54 
9.28 13.29 
4.10 ND* 4.10 
3.00 ND< 3.00 
3.49 ND< 3.49 
2.95 ND< 2.95 
2.95 ND< 2.95 
3.54 ND- 3.54 
2.44 ND. 2.44 
5.00 ND* 5.00 
4.42 ND* 4.42 
3.00 ND* 3.00 
2.82 ND* 2.02 
2.82 ND* 2.82 
2.76 ND= 2.76 
4.47 ND< 4.47 
2.82 ND* 2.82 
3.19 ND< 3.19 
3.19 ND* 3.19 
3.19 ND= 3.19 
3.37 ND< 3.37 
3.91 ND- 3.91 
3.91 ND. 3.91 
3.91 ND* 3.91 
4.81 ND* 4.81 
6.94 ND- 6.94 
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TABLE 7.4-3. VOC IN SUMMA GAS SAMPLES PROM BAGHOUSE INLET (Location la)-7/23/93 (C(g/Nm^3) 

Compound N-I&CAN-723-1 N-I&CAN-723-2N-la-CAN-723-3 

Trichlorofluoromethane 
1 ,I -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1 ,1,2-Trichloro- 1,2,2-trkorcethane 
1 ,I -Dichlorcethane 
cis-1,2-dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
l,l,l -Trichloroethane 
Benzene 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroetherm 
cis-1,3-Dichloropropene 
bans-1,3-Dichloropropene 
1 ,I ,2-Trichlorosthane 
Toluene 
1.2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrane 
1 ,I .2,2-Tetrachlomethane 
o-Xylene 
4-Ethyl toluene 
1,3.5-Trimethylbenzene . 
1,2,4-Trimethylbenzene 
Benzyi chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1.2,4-Trichlorobenzene 
Hexachlorobutadiane 

ND. 
* 

2. 
ND* 
ND* 

ND- 
ND* 
ND. 
ND* 
ND* 
ND. 
ND. 
ND* 
ND* 
ND. 
ND* 
ND. 
ND* 
ND< 
ND. 
ND- 
ND- 
ND< 
ND* 
ND. 
ND* 

. 
%. 
ND. 

3.56 
ND* 2.34 ND* 

886.38 E 
4.93 

10.47 
2.39 ND* 
2.34 ND* 
2.07 ND* 
2.39 ND< 
3.21 ND- 
7.44 
3.71 ND< 
2.72 ND* 
3.16 ND* 
2.67 ND- 
2.67 ND< 
3.21 ND- 
2.22 ND- 
4.53 ND* 
4.00 ND- 
2.72 ND* 
2.56 ND< 
2.56 ND* 
2.50 ND- 
4.05 ND* 
2.56 ND= 
2.89 ND* 
2.89 ND- 
2.89 ND* 
3.08 ND* 
3.54 ND* 
3.54 ND- 
3.54 ND* 
4.38 ND* 
6.29 ND* 

4.86 5.04 
2.34 ND< 2.34 

239.76 139.61 
7.22 5.78 

14.54 15.76 
2.39 ND* 2.39 
2.34 ND< 2.34 
2.07 ND* 2.87 
2.39 ND- 2.39 
3.21 ND- 3.21 

10.74 10.54 
3.71 ND- 3.71 
2.72 ND* 2.72 
3.16 ND* 3.16 
2.67 ND* 2.67 
2.67 ND* 2.67 
3.21 ND< 3.21 
2.22 ND- 2.22 
4.53 ND< 4.53 
4.W ND* 4.00 
2.72 ND* 2.72 
2.56 ND* 2.56 
2.56 ND* 2.56 
2.50 ND* 2.50 
4.05 ND* 4.05 
2.56 ND= 2.56 
2.89 3.20 
2.89 ND* 2.89 
2.89 ND* 2.89 

.3.06 ND- 3.96 
3.54 ND- 3.54 
3.54 ND- 3.54 
3.54 ND- 3.54 
4.36 ND* 4.36 
6.29 ND= 6.29 
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TABLE 7.4-4. VOC IN SUMMA GAS SAMPLES PROM BAGHOUSE OUTLBT(Location lQ)-7/l&93 (ug/Nm^3) 

Compound N-19-CAN-718-l N-19-CAN-718-2N-lQ-CAN-710-3 

Trichlorofluoromethane 
1 ,I -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1 ,I ,2-Trichloro- 1,2.2-traluoroethane 
1 ,I -Dichloroethane 
cis-1,2-dichloroethene 
Trichloromethane 
1,2-Dichloroethane 
1 ,l ,l -Trichloroethane 
Benzene 
Carbon tetrechloride 
1,2-Dichloropropane 
Trichloroethene 
cis-1,3-Dichloropropene 
trens-1,3-Diihloropropene 
1,1,2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrechloroethene 
Chkxobenzene 
Ethylbenzene 
m+p-Xylene 
sty=m 
1,1,2.2-Tetrechloroethane 
o-Xylene 
4-Ethyl to’uene 
1,3,5-Trfmethylbenzene 
1,2,4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichkxobenzene 
o-Dichlorobenzene 
1,2,4-Trichlombenzene 
Hexechlorobutadiene 

ND= 

ND. 
ND< 
ND* 
ND< 
ND* 

ND. 
ND< 
ND= 
ND* 
ND. 

* 
ii. 
ND. 

ND. 
ND* 
ND- 
ND< 
ND* 
ND* 
ND. 

ND. 
ND* 

ND* 
ND* 

82.14 
2.63 ND< 

544.69 
13.48 

238.58 
2.68 ND. 
2.63 ND* 
3.23 ND* 
2.60 ND< 
3.60 ND* 

29.13 
15.48 
3.06 ND* 
3.55 ND< 
3.01 ND= 
3.01 ND- 
3.60 ND. 
2.49 ND* 
5.09 
4.50 ND< 
8.23 
2.07 ND* 
2.07 ND* 
2.02 ND. 
4.55 ND- 
2.07 ND* 
3.25 ND* 
3.25 ND* 

12.71 ND* 
9.46 ND* 
3.98 ND* 
3.98 ND. 
4.08 
4.90 ND- 
7.07 ND* 

90.06 82.99 
2.63 ND< 2.63 

368.11 117.66 
3.85 3.63 

278.96 167.88 
2.68 ND< 2.68 
2.63 ND* 2.63 
3.23 ND. 3.23 
2.60 ND* 2.68 
3.60 ND< 3.60 

30.67 15.54 
24.74 6.85 

3.06 ND* 3.06 
3.55 ND< 3.55 
3.01 ND* 3.01 
3.01 ND* 3.01 
3.60 ND* 3.60 
2.49 ND* 2.49 
5.84 ND< 5.09 
4.50 ND* 4.50 

10.69 5.61 
2.07 ND< 2.88 
2.87 ND. 2.88 
2.02 ND. 2.82 
4.55 ND* 4.55 
2.07 ND* 2.88 
3.25 ND< 3.25 
3.25 ND* 3.25 
3.25 ND* 3.25 
3.44 ND* 3.44 
3.98 ND* 3.98 
3.90 ND< 3.98 
4.71 ND- 3.98 
4.90 ND. 4.90 
7.07 ND- 7.07 
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TABLE 7.4-5. VOC IN SUMMA GAS SAMPLES FROM BAGHOUSE OUTLET (Location 19)-7/21/93 @g/Nm^3) 

Compound N-19-CAN-721-l N-19-CAN-721-2 N-19-CAN-721-3 

Trichlorofluoromethane 
1 ,I -Dichloroethene 
Dichloromethane 
3-Chloropmpene 
1 ,I ,2-Trichloro-1,2,2-trifluoroethane 
1 .l -Dichloroethane 
cis-1,2-dichlomethene 
Trichlommethane 
1,2-Dichloroethane 
1 ,I ,i -Trichloroethane 
Benzene 
Carbon tetrechloride 
1,2-Dichlompmpane 
Trichloroethene 
cis-1,3-Dichlompmpene 
bans-1,3-Dichloropropene 
I ,1.2-Trichloroethane 
Toluene 
1,2-Dibmmoethane 
Tetrechloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1 ,1,2,2-Tetrachlomethene 
o-Xylene 
4-Ethyl toluene 
1,3,5-Trimethylbenzene 
1,2,4-Trimethylbenzene 
Benzyl chloride 
m-Dichlombenzene 
p-Diihlombenzene 
o-Dichlombetuene 
1,2,4-Trichlombenzene 
Hexachlombutadiene 

ND. 

ND< 
ND. 
ND* 
ND. 
ND. 

ND* 
ND< 
ND. 

ND. 
ND. 
ND. 
ND. 
ND* 
ND. 
ND. 

. 
ii. 
ND< 
ND* 
ND* 
ND. 

ND. 
. 

ii:. 

4.60 
2.55 ND. 

96.63 
4.74 ND. 

105.99 
2.60 ND- 
2.55 ND* 
3.13 ND* 
2.60 ND< 
3.49 ND* 
9.34 
4.05 ND. 
2.97 ND. 
3.44 ND. 
8.36 .ND. 
2.92 ND. 
3.49 ND. 
2.42 ND. 
4.94 ND. 
4.36 ND. 
2.97 ND= 
2.79 ND* 
2.79 ND* 
2.73 ND. 
4.41 ND* 
2.79 ND. 
3.15 ND* 
3.15 ND- 

33.11 
23.60 
7.72 ND. 
9.65 
3.86 ND. 
4.75 ND- 
6.85 ND* 

4.66 4.39 
2.55 ND* 2.55 
8.92 6.52 
2.02 ND< 2.02 

95.06 97.00 
2.60 ND< 2.60 
2.55 ND* 2.55 
3.13 ND. 3.13 
2.60 ND< 2.60 
3.49 ND* 3.49 
a.80 10.79 
4.05 ND. 4.05 
2.97 ND* 2.97 
3.44 ND* 3.44 
2.92 ND* 2.92 
2.92 ND. 2.92 
3.49 ND* 3.49 
2.42 ND. 2.42 
4.94 ND* 4.94 
4.36 ND- 4.37 
2.97 ND* 2.97 
2.79 ND* 2.79 
2.79 ND* 2.79 
2.73 ND. 2.73 
4.41 ND- 4.41 
2.79 ND* 2.79 
3.15 ND* 3.15 
3.15 ND* 3.15 

15.63 ND* 3.15 
12.75 ND* 3.33 
3.06 ND. 3.86 
4.68 ND. 3.66 
3.86 ND* 3.06 
4.75 ND. 4.75 
6.85 ND. 6.85 
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TABLE 7.4-6. VOC IN SUMMA GAS SAMPLES FROM BAGHOUSE OUTLET (Location 19)-7/23/93 (ug/Nm^3) 

Compound N-19-CAN-723-1 N-19-CAN-723-2N-19-CAN-723-3 

Trichlorofluoromethane 
1 ,I -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1 ,I ,2-Trichloro- 1,2,2-trifluomethane 
1 ,I -Dichloroethane 
cis-1,2-dichtoroethene 
Trichloromethane 
1,2-Dichloroethane 
1 ,I ,I -Trichloroethane 
Benzene 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethene 
cis-1,3-Dichloropmpene 
tans- 1,3-Dichlompmpene 
1 ,I ,2-Trichloroethane 
Toluene 
1,2-Dibmmoethane 
Tetrachloroethene 
Chlombenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1 ,I ,2.2-Tetrachloroethane 
o-Xylene 
4-Ethyl toluene 
1,3,5-Trimethylbenzene 
1,2,4-Trimethylberuene 
Ben@ chloride 
m-Dichlorobenzene 
p-Dfchlorobenzene 
o-Dichlomberuene 
1.2,4-Trkhlomberuene 
Hexachlorobutadiene 

ND. 

ND. 
ND- 
ND. 
ND* 
ND* 

ND* 
ND* 
ND* 
ND= 
ND* 
ND* 
ND< 
ND. 
ND. 
ND* 
ND* 
ND* 
ND* 
ND* 
ND. 
ND* 
ND. 

ND. 
ND* 
ND. 
ND* 
ND- 

3.67 
2.51 ND< 

99.94 
3.49 

35.79 
2.56 ND. 
2.51 ND- 
3.07 ND* 
2.56 ND- 
3.43 ND* 
8.09 
3.98 ND< 
2.92 ND* 
3.38 ND. 
2.66 ND* 
2.86 ND. 
3.43 ND* 
2.37 ND* 
4.05 ND< 
4.28 ND‘ 
2.92 ND* 
2.74 ND. 
2.74 ND‘ 
2.68 ND* 
4.34 ND* 
2.74 ND* 
3.10 ND- 
3.10 ND* 
5.37 
3.99 ND- 
3.79 ND- 
3.79 ND- 
3.79 ND. 
4.67 ND< 
6.73 ND. 

3.98 3.64 
2.51 ND* 2.51 

18.63 10.04 
12.29 14.15 
37.19 39.10 

2.56 ND= 2.56 
2.51 ND* 2.51 
3.07 ND* 3.08 
2.56 ND. 2.56 
3.43 ND* 3.43 

10.15 7.50 
3.98 ND. 3.98 
2.92 ND* 2.92 
3.30 ND. 3.30 
2.86 ND* 2.86 
2.66 ND* 2.86 
3.43 ND* 3.43 
2.37 ND* 2.37 
4.05 ND* 4.86 
4.28 ND. 4.29 
2.92 ND- 2.92 
2.74 ND< 2.74 
2.74 ND* 2.74 
2.68 ND< 2.68 
4.34 ND* 4.34 
2.74 ND* 2.74 
3.10 ND* 3.10 
3.10 ND* 3.10 
4.00 ND- 3.10 
3.28 ND. 3.28 
3.79 ND< 3.79 
3.79 ND* 3.79 
3.79 ND. 3.79 
4.67 ND* 4.67 
6.73 ND- 6.73 

7-50 



TABLE 7.4-7. VOC IN SUMMA GAS SAMPLES FROM SCR REACTOR OUTLET (Location 20)-7/13/93 (Clg/Nm .+ 3) 

Compound N-20-CAN-713-l N-20-CAN-713-2N-20-CAN-713-3 

Trichlorofluoromethane 
1 .I -Dichloroethene 
Dichloromethane 
3-Chloropropene 
1 ,I .2-Trichloro-1,2.2-trifluoroethane 
i.l-Dichloroethane 
cis-1.2-dichloroethene 
Trichloromethane 
1.2-Dichloroethane 
1 ,I .I -Trichloroethane 
Benzene 
Carbon tetrachloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1,3-Dichloropropene 
trans-1.3-Dichloropropene 
1 ,I ,a-Trichloroethane 
Toluene 
1.2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1 ,I .2.2-Tetrachloroethane 
o-Xylene 
4-Ethyl toluene 
1,3,5-Trimethylbsnzene 
1,2,4-Trimethylbsnrene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1,2,4-Tdchlorobenzene 
Hexachlorobutadiene 

ND. 
ND. 

ND. 
ND‘ 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND* 
ND. 
ND. 
ND. 
ND. 
ND* 
ND. 
ND. 
ND. 
ND. 
ND- 
ND. 
ND= 
ND. 
ND. 

4.01 
2.64 ND< 

396.73 
4.04 ND- 
6.65 
2.90 ND. 
2.64 ND- 
3.49 ND- 
2.90 ND* 
3.69 ND* 

40.95 ND* 
4.51 ND< 
3.31 ND* 
3.64 ND< 
3.25 ND* 
3.25 ND< 
3.69 ND* 

15.43 ND* 
5.50 ND< 
4.66 ND< 
3.31 ND* 
3.11 ND‘ 
3.11 ND* 
3.04 ND* 
4.92 ND< 
3.11 ND* 
3.51 ND< 
3.51 ND< 
3.51 ND. 
3.71 ND* 
4.30 ND< 
4.30 ND. 
4.30 ND< 
5.30 ND< 
7.64 ND- 

4.51 9.11 
2.64 ND. 2.64 
3.67 31.57 
2.25 ND. 2.25 

11.76 35.55 
2.90 ND- 2.90 
2.64 ND. 2.64 
3.49 ND- 3.49 
2.90 ND‘ 2.90 
3.69 23.46 
2.26 7.35 
4.51 ND. 4.51 
3.31 ND* 3.31 
3.64 ND* 3.64 
3.25 ND. 3.25 
3.25 ND* 3.25 
3.69 ND. 3.69 
2.69 3.17 
5.50 ND- 5.51 
4.66 ND. 4.67 
3.31 ND. 3.31 
3.11 ND. 3.11 
3.11 ND. 3.11 
3.04 ND. 3.04 
4.92 ND* 4.92 
3.11 ND* 3.11 
3.51 ND- 3.51 
3.51 ND* 3.51 
3.51 ND. 3.51 
3.71 ND. 3.71 
4.30 ND* 4.30 
4.30 ND- 4.30 
4.30 ND. 4.30 
5.30 ND. 5.30 
7.64 ND. 7.64 
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TABLE 7.4-S VOC IN 
Compound 
Trichlorofluoromethane I .I -Dichloroethene Dichloromethane 3-Chloropropene 1,1.2-Trichloro-1.2.2-trrfluoroethane 1 .l -Dichloroethane cis-1,2-dichloroethene Trichioromethane I .2-Dichloroethane 1 .I .l -Trichloroethane Benzene 



TABLE 7.4-9. VOC IN SUMMA GAS SAMPLES FROM SCR REACTOR OUTLET (Location 20)-7/23/93 @q/N,,, - 3) 

Compound N-20-CAN-723-1 N-20-CAN-723-2N-20-CAN-723-3 

Trichlorofluoromethane 
1 .I -Dichloroethene 
Dichloromethane 
3-Chloropropene 
l.l.2-Trichloro-l.2.2-tnfluoroethane 
1.1 -Dichloroethane 
cis-1.2-dichloroethene 
Trichloromethane 
1.2-Dichloroethane 
1 .I .I -Trichloroethane 
Benzene 
Carbon tetrachloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1.3-Dichloropropene 
trans-1.3-Dichloropropene 
1.1.2-Trichloroethane 
Toluene 
1.2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
StptV2 
1.1.2.2-Tetrachloroethane 
o-Xylene 
4-Emyl toluene 
1.3.5-Trimethylbenzene 
l.2.4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenrene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1.2.4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND- 
ND. 
ND. 
ND. 
ND. 
ND. 

5.31 
3.05 ND. 

251.79 
4.77 

13.65 
3.11 ND. 
3.05 ND. 
3.74 ND. 
3.11 ND. 
4.17 ND. 
2.45 ND. 
4.63 ND. 
3.54 ND. 
4.11 ND. 
3.46 ND. 
3.46 ND. 
4.17 ND. 
2.66 ND. 
5.90 ND. 
5.21 ND. 
3.54 ND. 
3.33 ND. 
3.33 ND. 
3.26 ND. 
5.27 ND. 
3.33 ND. 
3.77 ND. 
3.77 ND. 
3.77 ND. 
3.98 ND. 
4.61 ND. 
4.61 ND. 
4.61 ND. 
5.66 ND. 
8.19 ND. 

4.69 5.06 
3.05 ND. 3.05 

115.62 176.22 
14.16 23.66 
12.74 11.27 

3.11 ND. 3.11 
3.05 ND. 3.05 
3.74 ND. 3.74 
3.11 ND. 3.11 
4.17 ND. 4.17 
2.45 ND. 2.45 
4.83 ND. 4.63 
3.54 ND. 3.54 
4.11 ND. 4.11 
3.46 ND. 3.46 
3.46 ND. 3.46 
4.17 ND. 4.17 
2.66 ND. 2.66 
5.90 ND. 5.90 
5.21 ND. 5.22 
3.54 ND. 3.54 
3.33 ND. 3.33 
3.33 ND. 3.33 
3.26 ND. 3.26 
5.27 ND. 5.27 
3.33 ND. 3.33 
3.77 ND. 3.77 
3.77 ND. 3.77 
3.77 ND. 3.77 
3.98 ND. 3.96 
4.61 ND. 4.61 
4.61 ND. 4.61 
4.61 ND. 4.61 
5.66 ND. 5.66 
6.19 ND. 8.19 
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TABLE 7.4-10. VOC IN SUMMA GAS SAMPLES FROM WSA TOWER OUTLET (Location 21) -7/16/93 &g/Nm-3) 

Compound N-21-CAN-716-IN-21-CAN-716-2N-21-CAN-718-3 

Trichlorofluoromethane 
1 ,l -Dichloroethene 
Dichloromettane 
3-Chloropropene 
1.1.2-Trichloro-1.2.2-trifluoroethane 
1 .l -Dichloroethane 
cis-1.2-dichloroemene 
Trichloromemane 
1.2-Dichloroethane 
l,l.l-Trichloroethane 
Benzene 
Carbon tetrachloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1.3-Dichloropropene 
trans-1.3-Dichloropropene 
1.1.2-Trichloroethane 
Toluene 
1.2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
StyMe 
1 .I .2.2-TetTachloroethane 
o-Xylene 
4-Ernyl toiuene 
1.3.5-Trimethylbenzene . 
1.2.4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenrene 
1.2.4-Trichlorobenzene 
Hexachlorobutadiene 

ND* 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND- 
ND. 
ND. 
ND. 
ND- 
ND. 
ND. 
ND. 
ND. 

3.76 
2.66 ND. 

314.61 
7.56 

11.18 
2.72 ND. 
2.66 ND. 
3.27 ND. 
2.72 ND= 
3.65 ND. 
2.31 ND. 
4.23 ND- 
3.10 ND. 
3.60 ND. 
3.05 ND. 
3.05 ND. 
3.65 ND. 
2.52 ND. 
5.16 ND. 
4.55 ND. 
3.10 ND. 
2.91 ND. 
2.91 ND. 
2.65 ND- 
4.61 ND. 
2.91 ND. 
3.29 ND- 
3.29 ND. 
3.29 ND. 
3.46 ND. 
4.03 ND. 
4.03 ND. 
4.03 ND. 
4.96 ND. 
7.16 ND. 

3.90 4.00 
2.66 ND. 2.66 

220.76 160.47 
5.19 3.30 

11.64 11.99 
2.72 ND. 2.72 
2.66 ND. 2.66 
3.27 ND. 3.27 
2.72 ND= 2.72 
3.65 ND. 3.65 
2.14 ND. 2.14 
4.23 ND. 4.23 
3.10 ND. 3.10 
3.60 ND. 3.60 
3.05 ND. 3.05 
3.05 ND. 3.05 
3.65 ND. 3.65 
2.52 ND. 2.52 
5.16 ND. 5.16 
4.55 ND- 4.56 
3.10 ND. 3.10 
2.91 ND. 2.91 
2.91 ND. 2.91 
2.65 ND. 2.65 
4.61 ND. 4.61 
2.91 ND. 2.91 
3.29 ND. 3.29 
3.29 ND. 3.29 
3.29 ND. 3.29 
3.46 ND. 3.48 
4.03 ND. 4.03 
4.03 ND. 4.03 
4.03 ND. 4.03 
4.96 ND. 4.96 
7.16 ND. 7.16 
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TABLE 7.4-l I. VOC IN SUMMA GAS SAMPLES FROM WSA TOWER OUTLET (Location 21) -7/21/93 Q.rglNm”3) 

Compound N-21 -CAN-721-1 N-21 -CAN-721 -2N-21 -CAN-721 -3 

Trichlorofluoromethane 
1.1 -Dichloroethene 
Dichloromethane 
3-Chloropropene 
l,l,2-Trichloro-1,2.2-trifluoroethane 
1.1 -Dichloroethane 
cis-1,2-dichloroethene 
Trichloromethane 
1.2-Dichloroethane 
1 ,I.1 -Trichloroethane 
Benzene 
Carbon tetrachloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1.3-Dichloropropene 
trans-l.3-Dichloropropene 
1.1.2-Trkhloroethane 
TOlUe”e 
l.2-Dibromoethane 
Tetrachloroethene 
Chlorobenrene 
Ethylbenzene 
m+p-xy1ene 
St)%“42 
1.1.2.2-Tetrachloroethane 
o-xylene 
4-Ethyl toluene 
1.3.5-Trimemylbenzene 
1.2.4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
1.2.4-Trichlorobenzene 
Hexachlorobutadiene 

ND. 

ND. 
ND. 
ND. 
ND= 
ND. 

ND. 
ND. 
ND. 
ND. 
ND. 
ND- 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND- 
ND. 
ND. 
ND. 
ND- 
ND. 
ND. 
ND. 
ND- 
ND- 
ND. 

5.04 
3.05 ND. 

1932.23 E 
56.26 
14.60 

3.11 ND. 
3.05 ND. 
3.74 ND. 
3.11 ND. 
4.17 ND. 

74.20 
4.63 ND. 
3.54 ND- 
4.11 ND. 
3.46 ND- 
3.46 ND. 
4.17 ND. 

19.27 ND. 
5.90 ND. 
5.21 ND. 
3.54 ND. 
3.33 ND. 
3.33 ND. 
3.26 ND. 
5.27 ND. 
3.33 ND. 
3.77 ND. 
3.77 ND. 
3.77 ND. 
3.96 ND. 
4.61 ND. 
4.61 ND. 
4.61 ND. 
5.66 ND. 
8.19 ND. 

5.67 6.57 
3.05 ND. 3.05 

1205.66 E 1635.56 E 
35.52 48.73 
17.70 25.93 

3.11 ND. 3.11 
3.05 ND. 3.05 
3.74 ND. 3.74 
3.11 ND. 3.fl 
4.17 ND. 4.17 

36.54 127.57 
4.63 ND. 4.63 
3.54 ND- 3.54 
4.11 ND. 4.11 
3.46 ND. 3.48 
3.46 ND- 3.46 
4.17 ND. 4.77 
2.86 990.77 E 
5.90 ND. 5.90 
5.21 ND. 5.22 
3.54 ND. 3.54 
3.33 ND. 3.33 
3.33 ND. 3.33 
3.26 ND. 3.26 
5.27 ND. 5.27 
3.33 ND. 3.33 
3.77 13.51 
3.77 ND. 3.77 
3.77 ND. 3.77 
3.96 ND. 3.98 
4.61 ND. 4.61 
4.61 ND. 4.61 
4.61 ND. 4.61 
5.66 ND- 5.66 
6.19 ND. 8.19 
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TABLE 7.4 - 12. VOC IN SUMMA GAS SAMPLES FROM WSA TOWER OUTLET (Location 21) -7/23/93 (,,glNm - 3) 

Compound N-21-CAN-723-1 N-21-CAN-723-2N-21-CAN-723-3 

Trichlorofluoromethane 
I .I -~Dichloroethene 
Dichloromethane 
3-Chloropropene 
1.1,2-Trichloro-l.2.2-trifluoroethane 
1.1 -Dichloroethane 
cis-1.2-dichloroethene 
Trichloromethane 
1.2-Dichloroethane 
1.1.1 -Trichloroethane 
Benzene 
Carbon tetrachloride 
1.2-Dichloropropane 
Trichloroethene 
cis-1.3-Dichloropropene 
trans-1.3-Dichloropropene 
1.1.2-Trichloroethane 
Toluene 
1,2-Dibromoethane 
Tetrachloroethene 
Chlorobenzene 
Ethylbenzene 
m+p-Xylene 
Styrene 
1.1.2.2-Tetrachloroethane 
o-Xy1ene 
4-Ethyl toluene 
1.3.5-Trimethylbenzene 
1.2.4-Trimethylbenzene 
Benzyl chloride 
m-Dichlorobenzene 
p-Dichlorobenzene 
o-Dichlorobenzene 
r.2.4-Tnchlorobenzene 
Hexachlorobutadiene 

ND. 

ND- 
ND. 
ND. 
ND. 

ND- 
ND. 
ND- 
ND. 
ND. 
ND- 

ND- 
ND. 
ND- 
ND- 
ND- 
ND. 
ND- 
ND- 
ND- 
ND- 
ND. 
ND. 
ND- 
ND. 
ND. 
ND. 
ND- 

4.43 
2.66 ND. 

3629.46 E 
4.32 
9.47 
2.72 ND. 
2.66 ND. 
3.27 ND. 
2.72 ND. 
5.49 ND- 
4.79 ND. 
4.23 ND. 
3.10 ND. 
3.60 ND. 
3.05 ND. 
3.05 
3.65 ND. 

700.47 E 
5.16 ND. 
4.55 ND- 
3.10 ND. 
2.91 ND. 
2.91 ND. 
2.65 ND- 
4.61 ND. 
2.91 ND- 
3.29 
3.29 ND. 
3.29 ND- 
3.46 
4.03 ND- 
4.03 ND- 
4.03 ND- 
4.96 ND. 
7.16 ND- 

4.19 4.22 
2.66 ND. 2.66 

3816.97 E 3997.62 E 
4.02 14.06 

10.12 9.50 
2.72 ND. 2.72 
2.66 ND- 2.66 
3.27 ND. 3.27 
2.72 ND- 2.72 
3.65 ND. 3.65 
2.14 ND. 2.14 
4.23 ND. 4.23 
3.10 ND. 3.10 
3.60 ND. 3.60 
3.05 ND. 3.05 
3.31 ND. 3.05 
3.65 ND. 3.65 

635.45 E 778.62 E 
5.16 ND. 5.16 
4.55 ND. 4.56 
3.10 ND. 3.10 
2.91 2.96 
2.91 3.11 
2.65 ND- 2.65 
4.61 ND. 4.61 
2.91 ND- 2.91 

10.43 14.59 
3.29 ND- 3.29 
3.29 ND. 3.29 

15.22 ND- 3.46 
4.03 ND- 4.03 
4.03 ND. 4.03 
4.03 ND- 4.03 
4.96 ND. 4.96 
7.16 ND- 7.16 
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TABLE 7.4-13. VOC IN VOST GAS SAMPLES FROM BAGHOUSE INLET (Location 18)-7/18/93 &g/Nm”3) 

Compound N18VOS7181 N18VOS7182 N18VOS7183 

CHLOROMEMANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENJZ CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,l- DICHLOROETHENE 
1 ,l -DICHLOROElHANE 
TRANS-1.2-DICHLOROETHENE 
CHLOROFORM 
1,2-DICHLOROETHANE 
2-BUTANONE 
1 ,l ,l -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
II-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,I ,2-TRICHLOROETHANE 
BENZENE 
TRANS-I$-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE - 
1 ,I ,2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYREM 
XYLENES (TOTAL) 

ND. 
ND- 
ND. 
ND. 

ND- 
ND. 
ND. 
ND- 
ND. 
ND. 

ND. 
ND- 
ND. 
ND- 
ND. 
ND- 
ND- 

ND- 
ND- 
ND. 

ND. 
ND- 

ND- 

ND- 

8.20 ND. 
8.20 ND. 
8.20 ND. 
8.20 ND- 

89.13 
73.35 

7.54 J ND. 
8.20 ND. 
8.20 ND- 
8.20 ND- 
8.20 
8.20 ND. 
8.20 ND- 
4.58 J ND. 
4.91 J 
8.20 ND. 
8.20 ND. 
8.20 ND- 
8.20 ND. 
8.20 ND. 
8.20 ND. 
8.20 ND. 

21.95 
8.20 ND- 
8.20 ND. 
8.20 ND- 
5.57 J 

11.47 
8.20 ND. 
8.20 ND. 

16.71 
8.20 ND- 
3.60 J ND- 
8.20 ND- 

15.72 ND- 

5.42 ND- 1.77 
5.42 ND. 1.77 
5.42 ND- 1.77 
5.42 ND- I .77 

25.38 7.71 
68.94 21.51 

5.42 10.54 
5.42 ND- 1.77 
5.42 ND- 1.77 
5.42 ND- 1.77 
3.91 J 0.92 J 
5.42 ND. 1.77 
5.42 ND. 1.77 
5.42 ND- 1.77 
2.60 J ND- 1.77 
5.42 ND. 1.77 
5.42 ND- 1.77 
5.42 ND. 1.77 
5.42 ND. 1.77 
5.42 ND. 1.77 
5.42 ND. 1.77 
5.42 ND. 1.77 

17.36 13.58 
5.42 ND. 1.77 
5.42 ND- 1.77 
5.42 ND. 1.77 
4.13 J 2.26 
6.24 3.54 
5.42 ND. 1.77 
6.42 ND- 1.77 
5.64 2.83 
5.42 ND. 1.77 
5.42 ND. 1.77 
5.42 ND- 1.77 
5.42 1.84 
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TABLE 7.4-14. VOC IN VOST GAS SAMPLES FROM BAGHOUSE INLET (Location 18)-7/21/93 (ug/Nm^3) 

Compound NlSVOS7211 NlSVOS7212 NiSVOS7213 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,l -DICHLOROETHENE 
1 ,I -DICHLOROETHANE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1,2-DICHLOROETHANE 
2-BUTANONE 
l,l,l -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1,1,2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANGNE 
2-HEXANONE 
TETRACHLOROETHENE 
1 .I .2.2-TETFIACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
SlYREM 
XYLENES (TOTAL) 

ND< 
ND< 
ND* 
ND* 

ND* 
ND< 
ND- 
ND* 
ND< 

< 
EL 
ND. 
ND< 
ND* 
ND. 
ND- 
ND- 
ND< 
ND< 

ND< 
ND- 
ND* 
ND< 
ND- 
ND* 
ND- 
ND* 
ND- 
ND- 
ND* 
ND- 

7.43 ND< 
7.43 ND< 
7.43 ND* 
7.43 ND* 

32.71 
120.71 ND- 

14.87 
7.43 ND- 
7.43 ND< 
7.43 ND< 
7.43 ND< 
7.43 ND< 
7.43 ND* 
7.43 ND* 
7.43 ND* 
7.43 ND- 
7.43 ND* 
7.43 ND* 
7.43 ND< 
7.43 ND* 
7.43 ND= 
7.43 ND- 

63.92 
7.43 ND- 
7.43 ND* 
7.43 ND* 
7.43 ND* 
7.43 ND- 
7.43 ND- 
7.43 ND* 
7.43 ND* 
7.43 ND- 
7.43 ND- 
7.43 ND* 
7.43 ND* 

4.95 ND< 
4.95 ND* 
4.95 ND. 
4.95 ND< 
9.30 ND* 
4.95 

14.24 
4.95 ND* 
4.95 ND* 
4.95 ND< 
4.95 ND. 
4.95 ND< 
4.95 ND* 
4.95 ND* 
4.95 ND* 
4.95 ND< 
4.95 ND* 
4.95 ND* 
4.95 ND< 
4.95 ND* 
4.95 ND< 
4.95 ND- 

99.14 ND* 
4.95 ND. 
4.95 ND- 
4.95 ND. 
4.95 ND- 
4.95 ND. 
4.95 ND* 
4.95 ND* 
4.95 ND- 
4.95 ND. 
4.95 ND* 
4.95 ND* 
4.95 ND* 

1.74 
1.74 
1.74 
1.74 
1.74 

17.91 
7.71 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
1.74 
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TABLE 7.4-15. VOC IN VOST GAS SAMPLES FROM BAGHOUSE INLET (Location 16)-7/23/93 (ug/Nm”3) 

Compound N16VOS7231 N16VOS7232 N16VOS7233 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,l -DICHLOROETHENE 
1 ,I -DICHLOROElHANE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1,2-DICHLOROETHANE 
2-BLITANONE 
1 ,I .I -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
I ,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPANE 
TRICHLOROETHENE 
DIBROMOCHLOROMETHANE 
1 ,I ,2-TRICHLOROETHANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 ,I ,2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYREM 
XYLENES (TOTAL) 

ND< 
ND* 
ND< 
ND< 

ND. 
ND* 
ND* 
ND* 
ND- 
ND* 
ND. 
ND* 
ND< 
ND- 
ND* 
ND< 
ND< 
ND* 
ND* 

ND- 
ND* 
ND* 
ND* 
ND< 
ND* 
ND- 

ND- 
ND- 
ND- 
ND- 

7.65 ND< 
7.65 ND= 
7.65 ND. 
7.65 ND< 

26.27 
47.73 
22.61 

7.65 ND* 
7.65 ND- 
7.65 ND< 
7.65 ND< 
7.65 ND* 
7.65 ND* 
7.65 ND< 
7.65 ND* 
7.65 ND* 
7.65 ND< 
7.65 ND* 
7.65 ND< 
7.65 ND* 
7.65 ND* 
7.65 ND* 

22.30 
7.65 ND* 
7.65 ND* 
7.65 ND- 
7.65 ND- 
7.65 ND- 
7.65 ND< 
7.66 ND- 
3.14 J 
7.65 ND* 
7.65 ND- 
7.65 ND- 
7.65 ND* 

4.26 ND* 1.60 
4.26 ND* 1.60 
4.26 ND= 1.60 
4.26 ND= 1.60 

15.41 7.04 
16.76 42.36 
26.53 24.34 

4.26 ND. I .60 
4.26 ND. 1.60 
4.26 ND. 1.60 
4.26 ND. 1.60 
4.26 ND. 1.60 
4.26 ND. 1.60 
4.26 ND. 1.60 
4.26 ND* 1.60 
4.26 ND. 1.60 
4.26 ND* 1.60 
4.26 ND. 1.60 
4.26 ND. 1.60 
4.26 ND* 1.60 
4.26 ND. 1.60 
4.26 ND* 1.60 

16.49 16.63 
4.26 ND* 1.60 
4.26 ND* 1.60 
4.26 ND< 1.60 
4.26 ND* 1.60 
4.26 ND. 1.60 
4.26 ND. 1.60 
4.26 ND. I .60 
2.66 J 3.21 
4.26 1.22 J 
4.26 ND* 1.60 
4.26 ND* 1.60 
4.26 ND. 1.60 
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TABLE 7.4-16. VCC IN VOST GAS SAMPLES FROM BAGHOUSE OUTLET (Location lg)-7/la/g3 (ug/~m^3) 

Compound N19V0S7161 N19V0S7162 N19V0S7163 

CHLOROMETHANE 
BROMOMETHANE 
‘VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
l,l-DICHLOROETHENE 
1 ,I -DICHLOROETl-lANE 
TWINS-1,2-DICHLOROETHENE 
CHLOROFORM 
1,2-DICHLOROETHANE 
2-BUTANONE 
1 ,l ,I -TRICHLOROETHANE 
CARBON TEWACHLORIDE 
VINYL ACETATE 
BROMODlCHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPANE 
TFIICHLOROETHENE 
DlBROMOCHLOROMETHANE 
1.1.2-TRICHLOROETHANE 
BENZENE 
TWINS-1,3-DICHLOROPROPANE 
2-CHLOROETWLVINYLEWlER 
BROMOFORM 
4-METHM-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1 .1.2.2-lETRACHLOROEll+ANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 

ND* 
< 

ii. 
ND< 

ND< 
ND. 
ND* 
ND- 
ND- 
ND- 
ND. 
ND* 
ND* 
ND* 
ND* 
ND* 
ND* 

. 
%* 

ND- 
ND* 
ND* 
ND* 

ND. 
ND* 

ND. 
ND. 
ND. 

XYLENES (TOTAL) ND< 

11.29 ND. 
11.29 ND< 
11.29 ND* 
11.29 ND- 

1150.35 
46.62 

5.67 J 
11.29 ND< 
11.29 ND* 
11.29 ND< 
11.29 ND* 
11.29 ND< 
11.29 ND. 
11.29 ND. 
11.29 ND- 
11.29 ND* 
11.29 ND- 
11.29 ND< 
11.29 ND* 
11.29 ND* 
11.29 ND. 
11.29 
26.22 
11.29 ND* 
11.29 ND* 
11.29 ND= 
11.29 
16.53 
11.29 ND* 
11.29 ND. 
6.14 J 

11.29 ND* 
11.29 ND. 
11.29 ND- 
11.29 ND< 

5.41 ND. 2.02 
5.41 ND. 2.02 
5.41 ND= 2.02 
5.41 ND* 2.02 

334.34 ND. 2.02 
205.76 4.36 J 

4.73 J ND. 2.02 
5.41 ND< 2.02 
5.41 ND* 2.02 
5.41 ND* 2.02 
5.41 ND= 2.02 
5.41 ND* 2.02 
5.41 ND. 2.02 
5.41 ND. 2.02 
5.41 ND* 2.02 
5.41 ND* 2.02 
5.41 ND. 2.02 
5.41 ND* 2.02 
5.41 ND* 2.02 
5.41 ND* 2.02 
5.41 ND. 2.02 
6.24 ND- 2.02 

35.46 3.27 J 
5.41 ND. 2.02 
5.41 ND* 2.02 
5.41 ND* 2.02 
9.25 ND. 2.02 

19.76 ND* 2.02 
5.41 ND. 2.02 
5.41 ND* 2.02 
4.73 J ND. 2.02 
5.41 ND< 2.02 
5.41 ND. 2.02 
5.41 ND* 2.02 
5.41 ND* 2.02 
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TABLE 7.4-21. VOC IN VOST GAS SAMPLES FROM SCR REACTOR OUTLET (Location 20)-7/23/93 (Irg/Nm * 3) 

Compound N20VOS7231 N20VOS7232 N20VOS7233 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1.1 -DICHLOROETHENE 
1 ,I -DICHLOROETHANE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
1 .I .I -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1.3-DICHLOROPROPANE 
TRlCHiOROETHENE 
DIBROMOCHLOROMETHANE 
1 .I .2-TRICHLOROETHANE 
BENZENE 
TRANS-1.3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HMANONE 
TETRACHLOROETHENE 
1.1.2.2-TETRACHLOROEIHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
SNRENE 
XYLENES (TOTAL) 

ND. 

ND. 
ND. 

ND= 

ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

ND. 
ND. 

ND. 
ND. 
ND. 
ND. 

12.46 ND. 
209.56 ND. 

12.46 ND. 
12.46 ND. 
42.41 
12.46 
10.46 J 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 
12.46 ND. 
12.46 ND. 
12.46 ND= 
12.46 ND. 
66.36 ND. 
12.46 ND. 
12.46 ND. 
19.46 
12.46 ND. 
12.46 ND. 
12.46 ND. 
12.46 ND. 

6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 

35.15 9.52 
26.26 12.64 
10.57 3.70 

6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND= 2.31 
3.44 J 2.03 J 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
9.76 6.19 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 
6.61 ND. 2.31 

7-65 



TAB-E 7.4-Z VOC IN VOST GAS SAMPLES FROM WSA TOWER OUTLET (Location 21)-7/1aBS @g/Nm A 3 

Compound NZlVOS7161 N21VOS7162 N21VOS7163 

CHLOROMETHANE 
BROMOMETH4NE 
VINYL CHLORIDE 
CHLOROETi-t’WE 
METHYLENE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1,l -DICHLOROETHENE 
1 .I -DICHLOROETHANE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1,2-DICHLOROETHANE 
2-BUTANONE 
1 ,I ,I -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODlCHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPANE 
TRICHLOROETHENE 
DlBROMOCHLOFlOMETHANE 
1 ,I ,2-TRICHLOROEfHANE 
BENZENE 
TFtANS-1,3-DICHLOROPRCf’ANE 
2-CHLOROETWLVINYLETHER 
BROMOFORM 
4-MEIHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE 
1,1.2,2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
EIHYLBENZENE 

ND. 
ND- 
ND- 
ND- 

ND- 
ND- 
ND- 
ND- 

. 
ii. 
ND. 
ND. 
ND. 
ND. 
ND* 
ND- 
ND- 
ND- 
ND. 
ND- 

ND. 
. 

ii:. 
. 

E. 
ND- 
ND- 

ND- 

STYRENE 
XYlJZNES (TOTAL) ND. 

ND- 
ND- 

15.59 
15.59 ND. 
15.59 ND. 
15.59 ND. 

ico.26 
154.46 

15.59 
15.59 ND- 
15.59 ND- 
15.59 ND. 
15.59 ND. 
15.59 ND- 
15.59 ND. 
15.59. ND. 
15.59 ND. 
15.59 ND. 
15.59 ND- 
15.59 ND- 
15.59 ND. 
15.59 ND. 
15.59 ND- 
15.59 ND. 
6.72 J 

15.59 ND. 
15.59 ND. 
15.59 ND- 
15.59 ND. 
15.59 ND- 
15.59 ND- 
15.59 ND. 
16.06 
15.59 ND- 
15.59 ND. 
15.59 ND- 
15.59 ND- 

1065.95 682.47 
3.55 6.09 
3.55 ND. 2.56 
3.55 ND. 2.56 

17.77 14.24 
36.68 23.01 

2.64 J 2.06 J 
3.55 ND- 2.58 
3.55 ND. 2.58 
3.55 ND- 2.58 
3.55 ND. 2.58 
3.55 ND. 2.56 
3.55 ND. 2.56 
3.55 ND. 2.56 
3.55 ND. 2.58 
3.55 ND- 2.56 
3.55 ND- 2.58 
3.55 ND- 2.58 
3.55 ND- 2.58 
3.55 ND. 2.58 
3.55 ND. 2.58 
3.55 ND* 2.58 
2.99 J 3.20 
3.55 ND- 2.58 
3.55 ND- 2.56 
3.55 ND. 2.58 
3.55 ND- 2.58 
3.55 36.90 
3.56 ND. 2.58 
3.55 ND- 2.58 
3.64 4.33 
3.55 ND. 2.58 
3.55 ND- 2.56 
3.55 ND. 2.58 
3.55 ND- 2.58 
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TABLE 7.4-23. VCC IN VOST GAS SAMPLES FROM WSATOWER OUTLET (Location 21)-7/21/93 (pS/Nm -3) 

Compound N2lVOS7211 NZlVOS7212 NZlVOS7213 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METHYIINE CHLORIDE 
ACETONE 
CARBON DISULFIDE 
1 ,l -DICHLOROETHENE 
1 ,I -DICHLOROETHANE 
TRANS-1,2-DICHLOROETHENE 
CHLOROFORM 
1 .2-DICHLOROETHANE 
2-BUTANONE 
l,l,l-TRICHLOROEIHANE 
CARBON TETRACHLORIDE 
VINYL ACETATE 
BROMODICHLOROMETHANE 
1.2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPANE 
TRICHLOROETHENE 
DlBROMOCHLOROMETHANE 
1 ,l .2-TRICHLOROEMANE 
BENZENE 
lRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TETRACHLOROETHENE - 
1.1.2.2-TETRACHLOROETHANE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
STYRENE 
XYLENES (TOTAL) 

ND. 
ND- 

ND. 
ND- 

. 
IEi. 
ND. 
ND- 
ND. 

. 
LE. 

< 
E. 
ND. 
ND- 

. 
E. 

ND- 
ND- 
ND- 
ND- 

ND- 
ND- 

. 
E. 
ND- 
ND= 

294.90 
34.65 
20.09 ND. 
20.09 ND. 
26.52 

166.63 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND- 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
20.09 ND. 
33.75 
12.05 J 
20.09 ND. 
20.09 ND. 
20.09 ND- 
20.09 ND. 

166.33 ND. 
20.09 ND- 
20.09 ND. 
12.06 J ND. 
20.09 ND. 
20.09 ND- 
20.09 ND- 
20.09 ND= 

237.07 al .02 
16.24 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
5.12 J ND. 2.41 

50.67 24.50 
6.00 0.96 J 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 2.22 J 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
4.80 J ND. 2.41 
7.04 J 5.50 
6.00 ND. 2.41 
6.00 ND. 2.41 
8.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 3.16 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
6.00 ND. 2.41 
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TABLE 7.4-24. VOC IN VOST GAS SAMPLES FROM WSATOWER OUTLET (Location 21)-7/X1/93 (ug/Nm”$) 

Compound N21VOS7231 NZlVOS7232 NZlVOS7233 

CHLOROMETHANE 
BROMOMETHANE 
VINYL CHLORIDE 
CHLOROETHANE 
METl+fLENE CHLORIDE 
ACFTONE 
CARBON DISULFIDE 
1 ,I -DICHLOROETHENE 
1 ,I -DICHLOROETHANE 
TRANS-1.2-DICHLOROETHENE 
CHLOROFORM 
1.2-DICHLOROETHANE 
2-BUTANONE 
1 ,I ,l -TRICHLOROETHANE 
CARBON TETRACHLORIDE 
VINYL ACElATE 
BROMODICHLOROMETHANE 
1,2-DICHLOROPROPANE 
CIS-1,3-DICHLOROPROPANE 
TRlCHLOROrmENE 
DlBROMOCHLOROMETHANE 
1.1,2-TRICHLOROrmANE 
BENZENE 
TRANS-1,3-DICHLOROPROPANE 
2-CHLOROETHYLVINYLETHER 
BROMOFORM 
4-METHYL-2-PENTANONE 
2-HEXANONE 
TEIRACHLOROETHENE 
1.1.2.2-TEIRACHLORO 
TOUlENE 
CHLOROBENZENE 
EtHYLBENZENE 
SlYRENE 

ND- 

ND. 
ND- 
ND- 
ND. 
ND- 
ND- 
ND- 
ND. 
ND. 
ND. 
ND. 
ND- 
ND- 
ND. 
ND- 

ND- 
ND- 
ND- 
ND- 
ND. 
ND- 
ND. 

. 
iii- 
ND* 

XYlJiNES (TOTAL) ND- 

244.67 ND- 
31.08 ND. 
12.55 ND. 
12.53 ND. 

126.35 
46.63 

6.02 J 
12.55 ND. 
12.55 ND. 
12.55 ND. 
12.55 ND. 
12.55 ND. 
12.55 ND- 
12.55 ND. 
12.55 ND. 
12.55 ND- 
12.55 ND. 
12.55 ND. 
12.55 ND- 
12.55 ND. 
12.55 ND. 
12.55 ND. 
15.54 
12.55 ND- 
12.55 ND. 
12.55 ND. 
12.55 ND. 
12.55 ND. 
12.55 ND. 
12.55 ND. 
5.51 J 

12.55 ND. 
12.55 ND. 
12.55 ND. 
12.55 ND. 

5.52 
5.52 
5.52 ND. 
5.52 ND. 

10.60 
17.64 
3.31 J 
5.52 ND- 
5.52 ND. 
5.52 ND. 
5.52 ND- 
5.52 ND. 
5.52 ND- 
5.52 ND. 
5.52 ND- 
5.52 ND. 
5.52 ND. 
5.52 ND. 
5.52 ND. 
5.52 ND- 
5.52 ND- 
5.52 ND. 

10.36 
5.52 ND- 
5.52 ND- 
5.52 ND. 
5.52 ND- 
5.52 ND. 
5.52 ND. 
5.52 ND. 
2.43 J 
5.52 ND- 
5.52 ND- 
5.52 ND- 
5.52 ND- 

51 .a6 
7.14 
2.00 
2.00 

16.68 
27.50 

2.32 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.w 
2.00 
2.00 
2.00 
2.00 

ii 
3.69 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.43 
2.00 
2.w 
2.00 
2.00 
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Figure 7.4-l. Can versus VOST comparison for benzene and toluene daily averages 
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Figure 7.4-2. Can versus VOST comparison for benzene and toluene location averages 
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7.5 Mercurv Results for Individual Method 29 Comaonen& 

The individual components of the Method 29 (M29) train were analyzed separately 

for mercury at the request of DOE, rather than combining front-half and back-half 

components as is standard practice in Method 29 procedures. The results for these individual 

component analyses are presented in Table 7.5-1, for each of the three inorganic sampling 

days at the baghouse inlet (Location 18), baghouse outlet (Location 19), SCR unit outlet 

(Location 20), and the WSA condenser outlet (Location 21). 

The results in Table 7.5-l show that at both locations the great majority of mercury 

was found in the impinger components of the M29 train. In all cases, most of the mercury 

(54 to 90 percent, averaging 76 percent) was captured in the H,Oz impingers; the KMnO, 

impingers (which are located downstream of the H,Oz impingers in the Method 29 tram) 

captured a smaller fraction of the mercury (8 to 35) percent, averaging 21 percent). 
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